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SECT.,  III. 

Of  Fluids . 

WHEN  we  reflect  on  the  ftru&ure  of 
the  univerfe,  we  may  obferve,  not 
only  that  the  world  and  its  inhabitants  are 
mutually  formed  for  each  other;  but  like- 
wife,  that  thofe  adtions  which  mod:  con- 
ftantly  accompany  the  changes  in  bodies, 
are  feledted  as  the  means  by  which  intelli- 
gence from  without  is  received  by  the  fenfes. 
The  motion  of  light  is  chofen  to  give  us 
notice  of  the  exiftence  of  bodies  which  are 
not  immediately  acceffible,  and  the  motion 
of  the  fluid  air,  by  which  we  are  furrounded, 
is  made  the  objedt  of  a fenfe  whofe  advan- 
tages are  too  obvious  to  need  enumeration, 

Vol.  II,  B namelv, 
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Of  'Fluidity , 


namely,  the  hearing.  The  firft  has  already 
been  fpoken  of,  and  regularity  directs  our 
attention  to  the  fecond  : for  which  purpofe 
we  fhall  firft  take  a curfory  view  of  the  ge- 
neral properties  of  fluids,  and  next  pro- 
ceed to  illuftrate  thofe  of  the  air. 


Of  Hy  dr  oft  a tics;  or  the  Effects  which  arife 
from  the  Gravity  of  Fluids . 

FLUID  is  a body  whofe  parts  rea- 


dily yield  to  any  impreflion,  and  in 
yielding,  are  eafily  moved  amongft  each 
other. 

The  caufe  of  fluidity  is.  not  perfe&ly 
known.  Some  are  of  opinion  that  the  par- 
ticles of  fluids  are  fpherical,  and,  in  con- 
fequence  of  their  touching  each  other  in 
few  points,  cohere  very  flightly,  and  ea- 
fily flip  or  Aide  over  each  other.  But 
that  the  particles  of  fluids  are  of  the  fame 
nature  or  figure  as  thofe  of  folids,  appears 
from  the  very  frequent  converfion  of  the  one 
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into 


and  its  Caufe . 3 

into  the  other.  It  does  not  feem  rational  to 
fuppofe  that  the  particles  of  gold,  lead,  glafs, 
&c.  when  in  fufion,  are  rendered  fpherical 
by  the  adtion  of  the  fire,  and  when  that 
adtion  ceafes,  that  the  particles  refame  their 
former,  perhaps  cubical,  figure,  as  the  bodies 
become  folid  by  cooling.  Neither  can  we 
imagine,  with  any  degree  of  probability,  that 
the  particles  of  water  are  changed  by  cold, 
when  it  becomes  a folid  and  brittle  lump  of 
ice,  and  are  again  reinftated  in  their  ori- 
ginal form,  when  the  ice,  by  difTolution,  is 
again  turned  to  water. 

The  caufe  of  fluidity,  then,  does  not  ap- 
pear to  depend  on  the  figure  of  the  particles, 
but  probably  on  their  fmallnefs  and  want  of 
cohefion. 

If  the  particles  of  a body  cohere  ftrongly 
together,  it  is  evident  that  they  will  not  eafily 
move  amongft  each  other.  An  imperfedt  co- 
hefion muft  therefore  be  one  of  the  properties 
of  a fluid  mafs ; and  that  the  fmallnefs  of  the 
particles  is  requifite  to  fluidity  will  appear 
by  confidering,  that  the  furface  of  a body 
compofed  of  fmaU  particles  muft  be  much 
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more  fmooth  and  even  than  the  furface  of  a 
body  compofed  of  larger  particles  : that  two 
Hat  bodies  may  be  conceived  to  confift  of 
particles  fo  fmall,  that  their  furfaces  fhall 
differ  infenfibly  from  perfect  planes : that 
thefe  bodies,  if  placed  on  each  other,  will 
Hide  without  the  lead:  fenfible  fri&ion  : and 
that  if  the  particles  of  thefe  bodies  thus  placed 
on  each  other  be,  by  any  means,  deprived 
of  the  whole  or  the  greateft  part  of  their 
coheflon,  the  bodies  will  not  only  Hide  on 
each  other  in  the  juft  mentioned  plane,  but 
the  parts  of  the  mafs  will  alfo  Hide  on  each 
other  in  any  other  diredtion  whatfoever. 
Confequently  they  will  readily  yield  to  any 
impreffion,  and  in  yielding,  be  eafily  moved 
amongft  each  other.  That  is,  they  will  con- 
ftitute  a fluid  mafs. 

If  the  particles  of  a body  be  without  co- 
heflon, they  yield  to  an  impreffed  force ; 
but  if,  at  the  fame  time,  they  be  not  fuf- 
ficiently  minute,  the  mafs  is  deprived  of  the 
fecond  circumflance  of  the  definition ; for 
the  parts  do  not  eafily  move  amongfl  each 
other.  Such  are  powders ; which  neverthe- 

lefs, 
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and  its  Caufe. 

lefs,  yield  more  readily,  the  fmaller  the  par- 
ticles are  of  which  they  are  compofed. 

It  is  not  prafticable  to  reduce  a folid  body 
to  a fluid  by  pulverizing  ; for,  however  fine 
the  powder  may  be,  the  cohefion  of  its  parts 
prevents  their  ealily  moving  among  each 
other.  But,  if  this  cohefion  be  diminithed 
by  heat  or  otherwife,  pulverized  bodies  may 
refemble  fluids.  Thus,  fine  powder  of  ala- 
bafter,  orplaifter  of  Paris,  heated  over  the  fire 
in  a flat  difh,  will  be  agitated  in  great  waves 
like  a boiling  fluid,  and  may  be  ftirred  with 
a flick  or  ladle,  without  affording  the  re- 
fiftai  ce  it  did  when  cold.  And  a difh  of  fand 
placed  on  the  head  of  a drum  i^hich  is 
brifkly  beaten,  will,  in  almoft  every  particu- 
lar, imitate  the  properties  of  a fluid  ; heavy 
bodies  will  immediately  fink  in  it  to  the 
bottom,  light  bodies  will  emerge  to  the  top, 
and  if  an  hole  be  made  in  the  fide  of 
the  dith,  the  fand  will  fpout  forth  like 
water. 

That  fcience,  which  treats  of  the  effects 
which  arife  from  the  weight  of  fluids,  is 
called  hydroftatics. 
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Of  Uy  dr  of  cities. 

The  parts  of  fluids  are  heavy;  but  becaufd 
the  upper  parts  reft  upon,  and  are  fuftained 
by,  the  parts  beneath,  and  becaufe,  by  the 
property  of  fluids,  the  parts  are  readily 
moved  in  all  dire&ions,  upwards  as  well  as 
downwards,  they  do  not  at  firft  confidera- 
tion  appear  to  be  heavy. 

The  bottom  of  an  upright  prifmical  or 
cylindrical  veflel  is  prefled  by  the  whole 
weight  of  the  fluid  contained ; and  as  the 
weight  of  the  fluid  is  in  proportion  to  its 
height,  fo  is  likewife  the  preflure.  Thus  in 
the  cylinder  AB  (fig.  95.)  when  filled  to  C, 
the  bottom  is  prefled  by,  or  fuftains  a certain 
weight,  fuppofe  one  pound  ; if  it  be  filled  to 
D,  the  preflure  becomes  two  pounds ; if  to 
A,  three  pounds,  &c. 

The  whole  of  any  fluid  mat's  may  be  ima- 
gined to  confift  of  a number  of  columns  of 
an  inconfiderable  thicknefs,  which  ftand  per- 
pendicularly on  the  bafe  of  the  containing 
veflel,  and  prefs  the  fame  with  their  refpedtive 
weights.  The  preflure,  then,  if  the  height 
remain  the  fame,  is  as  the  number  of  co- 
lumns, and  this  number  is  as  the  area  of  the 
bafe.  Confequently  in  veflels  whofe  bafes 

differ 
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differ  as  to  area,  and  which  contain  fluids  of 
the  fame  denfity,  but  different  heights,  the 
preflure  will  be  in  the  compound  ratio  of 
the  bafes  and  heights  ; that  is,  as  the  area  of 
the  bafe  multiplied  by  the  height  of  the  fluid 
in  one  veffel,  is  to  the  area  of  the  bafe  mul- 
tiplied by  the  height  of  the  fluid  in  the  other 
veffel,  fo  is  the  preffure  fuftained  by  the  bafe 
of  the  one,  to  the  preffure  fuftained  by  the 
bafe  of  the  other  veffel. 

In  like  fltuations,  the  preffures  of  fluids 
will  be  as  their  denftties. 

The  denftties  being  difcoverable  only  by 
the  different  weights  of  bodies  of  the  fame 
bulk,  the  comparative  denftties  of  bodies  are 
therefore  called  their  fpecific  gravities. 

If  the  columns  of  which  a fluid  mafs  was 
fuppofed  to  conftft,  were  formed  of  particles 
lying  in  ftrait  perpendicular  lines,  the  preflure 
of  the  fluid  would  be  exerted  on  the  bottom 
of  the  veffel  only ; but,  as  they  are  fttuated 
in  every  irregular  pofttion,  there  muft,  of 
confequence,  be  a preffure  exerted  in  every 
direction ; which  preffure  muft  be  equal  at 
equal  depths.  For  if  any  part  of  the  whole 
mafs  were  not  equally  prefled  on  all 
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fides,  it  would  move  towards  the  fide  on 
which  the  p refill  re  was  leaf!;  and  would  not 
become  quiefcent  till  fuch  equal  preffure  was 
obtained.  The  quiefcence  of  the  parts  of 
fluids  is  therefore  a proof  that  they  are 
equally  prefled  on  all  fides. 

On  this  account  it  is,  that  fluids,  as  far  as 
they  are  not  prevented  by  external  accidents, 
do  always  conform  their  upper  furface  to  the 
plane  of  the  horizon.  For  if  any  column 
or  part  of  the  fluid  be  elevated  above  the 
reft,  its  lateral  preffure  will  caufe  the  elevated 
part  to  fpread  fideways  over  the  furface,  till 
it  becomes  uniformly  of  the  fame  height,  or 
horizontal. 

The  equal  preffure  of  fluids  in  every  di~ 
redlion,  being  underflood,  is  ufed  to  account 
for  many  phenomena  which  happen  to  them 
in  different  circumftances ; fome  of  which 
are  the  following. 

The  horizontal  bottom  of  a veffel  is  preffed 
by,  and  fuftains  no  more  nor  lefs  than  the 
weight  of  a column  of  the  fluid  it  contains, 
whofe  bafe  is  the  bottom  itfelf,  and  whole 
height  is  that  of  the  fluid. 


In 
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V re  [jure  of  Fluids. 

In  the  veffel  ECDF  (fig.  96.)  the  bottom 
CD  fu Fains  no  more  than  the  column 
ABDC.  For  the  other  parts  of  the  - con- 
tained fluid  can  only  prefs  the  column  ABDC 
laterally,  and  therefore  contribute  not  at  all 
to  the  increafe  of  the  weight  or  preflure  on 
the  bottom  CD;  but  reF  intirely  on  the  fides 
EC  and  FD. 

Alfo  in  the  veffel  ECDF,  (fig.  97.)  the 
bottom  EF  fuFains  a preffure  equal  to  the 
weight  of  a column  whofe  bafe  is  EF,  and 
height  equal  to  CA.  For  the  preflure  at  AB 
is  equal  to  the  weight  of  the  column  ABCD, 
and  its  lateral  preflure,  which  is  equal  to  the 
fame  weight,  muF  caufe  the  parts  between 
EA  and  BF  to  prefs  the  bottom  with  an  equal 
force  in  proportion  to  the  furfaces  they  cover. 
Confequentiy,  the  effedt  will  be  the  fame 
as  if  the  whole  fluid  were  of  the  height 
CA. 

From  thefe  two  cafes  combined,  the  reafon 
is  evident,  why  fluids  contained  in  the  fe- 
veral  parts  of  veffels,  as  A and  B,  (fig.  98.) 
remain  every  where  at  the  fame  height, 
tor  the  loweF  part  at  which  they  com- 
municate, may  be  regarded  as  the  common 

bafe  ; 
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bafe;  and  the  fluids,  which  reft  thereon,  arc 
in  equilibrio  then  only,  when  their  heights 
are  equal,  however  their  quantities  may  vary. 

The  hydroftatical  paradox,  as  by  fome  it 
is  called,  depends  on  the  equal  preflfure  of 
the  parts  of  fluids  every  where  at  the  fame 
depth.  It  is  this. 

Any  quantity  of  fluid,  however  fmall,  may 
be  made  to  counfcerpoife  and  fuftain  any 
weight,  how  large  foever. 

Let  ABDG  (fig.  99.)  reprefent  a cylindrical 
veflel,  to  the  infide  of  which  is  fitted  the  co- 
ver C,  which,  by  means  of  leather  at  the 
edge,  will  eafily  Aide  up  and  down  in  the 
internal  cavity,  without  permitting  any  water 
to  p.afs  between  its  edges  and  the  furface  of 
the  cylinder.  -In  the  cover  is  inferted  the 
fmall  tube  CF,  which  is  open  at  top,  and 
communicates  with  the  infide  of  the  cylinder 
beneath  the  cover  at  C.  The  cylinder  is  fil- 
led with  water,  and  the  cover  put  on.  Then, 
if  the  cover  be  loaded  with  the  weight,  fup- 
pofe  of  a pound,  it  will  be  deprefled,  the 
water  will  rife  in  the  tube  to  E,  and  the 
weight  will  be  fuftained.  If  another  pound 
be  added,  the  water  will  rife  to  F,  and  the 

weight 
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weight  will  be  fuftained,  and  fo  forth,  accord- 
ing to  the  weight  added,  and  the  length  of 
the  tube.  Now,  the  weight  of  the  water  in 
the  tube  is  but  a few  grains  j yet  its  lateral 
preffure  ferves  to  fuftain  as  much  as  the 
weight  of  a column  of  water,  whofe  bafe  is 
equal  to  that  of  the  cylinder,  and  height  equal 
to  that  in  the  tube.  Thus,  the  column  EC 
produces  a preffure  in  the  water  contained  in 
the  cylinder,  equal  to  what  would  have  been 
produced  by  the  column  AadD  ; and,  as  this 
preffure  is  exerted  every  way  equally,  the 
cover  will  be  preffed  upwards  with  a force 
equal  to  the  weight  of  AadD  : confequently, 
if  AadD  would  weigh  a pound,  EC  will  fuf- 
tain a pound.  And  the  like  of  other  heights 
and  weights.  And  by  diminilhing  the  dia- 
meter of  the  tube,  any  quantity  of  water, 
how  fmall  foever,  will,  in  theory,  fuftain  any 
weight,  however  large. 

The  fame  may  be  ftiewn  fimpler,  thus; 

Let  AGBD  (fig.  ioo.)  reprefent  a hollow 
cylinder,  and  MN  a cylinder  of  wood,  which 
nearly  fills  its  cavity.  In  the  cylinder,  fup- 
pofe  a little  water,  whofe  furface  is  gb;  then, 
if  the  wooden  cylinder  be  put  into  the  hollow 


one 
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one*  the  water  will  rife  between  the  furfaees 
to  a and  d,  and  the  wood  will  be  fuftained 
floating.  The  nearer  the  wooden  cylinder 
approaches  to  the  fize  of  the  cavity,  the  lefs 
water  is  neceffary  for  the  experiment. 

CHAP.  II. 

Of  the  Motion  of  Fluids  which  arifes  from  the 
Frejfure  of  their  fuperincumbent  Parts. 

r K E prefTure  of  fluids  being  fliewn  to 
JL  be  in  proportion  to  their  depths,  it 
will  be  eafy  to  find  the  celerities  with  which 
they  fpout  forth  from  apertures  in  the  bottoms 
©r  fides  of  veffels. 

For  the  motion  produced  in  the  fluid  muff 
follow  the  fame  proportion  as  the  prefTure. 
(Law.  2.  p.  25.  vol.  i.)  The  quantity  of  this 
motion  is  the  product  of  the  quantity  of  the 
fluid  emitted,  multiplied  by  the  velocity. 
Now,  the  quantity  of  the  fluid  emitted  is  as 
the  velocity  with  which  it  fpouts  forth.  If 
the  velocity  be  double,  a double  quantity 
is  emitted;  if  treble,  a treble  quantity. 
Whence  it  follows,  that  the  quantity  of  mo- 
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tion  (which  in  the  one  cafe  is  as  the  double 
velocity  multiplied  by  the  double  quantity 
emitted;  in  the  other  cafe,  as  the  treble 
velocity  multiplied  by  the  treble  quantity, 
and  the  like  for  other  degrees  of  velocity)  is  as 
the  fquare  of  the  velocity.  The  motion  be- 
ing as  the  depth  of  the  fluid,  fo  mu  ft  there- 
fore be  the  fquare  of  the  velocity.  The  velo- 
city  itfelf  then  is  as  the  fquare-root  of  the 
depth. 

The  velocities  of  falling  bodies  are  govern- 
ed by  the  fame  ratio ; for  the  fquares  of  the 
times  are  as  the  fpaces  deferibed,  and  the 
velocities  are  as  the  times.  Whence  the  ve- 
locities are  as  the  fqu are-roots  of  the  fpaces 
deferibed  by  the  falling  bodies.  And,  fince 
at  the  beginning  of  motion  the  velocity  of  a 
falling  body  is  the  fame  with  that  of  the 
uppermoft  parts  of  a fluid, 'both  endeavouring 
to  defeend  by  the  mere  force  of  gravity ; it 
follows,  that  the  velocity  of  the  fluid  which, 
fpouts  forth  at  any  aperture,  beneath  the  fur- 
face  of  the  fluid  contained  in  any  veflel,  is 
equal  to  the  velocity  which  a body  would 
acquire  by  falling  through  a fpace  equal  to  the 

di dance 


14  'Motions  of  Fluids. 

diftance  between  the  aperture  and  the  fur-* 
face. 

And  this  velocity  is  fuch  as  in  an  equal 
time  would  carry  the  body  uniformly  through 
a fpace  double  to  that  which  it  had  before 
defcribed  from  the  beginning  of  its  motion. 
For  the  laft  velocity  BC,  (fig.  4.)  with  the  time 
AB,  will  form  a parallelogram  equal  to  twice 
the  triangle  ABC. 

Let  AKLB  (fig.  101.)  reprefent  a vefiel 
which  is  conftantly  kept  full  of  water.  On 
the  perpendicular  fide  AB  defcribe  the  femi- 
circle  AEB,  and  from  any  point  D in  the 
line  AB  draw  the  horizontal  line  DE,  meet- 
ing the  circle  in  E.  Then,  if  an  aperture  be 
made  in  the  vefiel  at  D,  fo  that  the  water  may 
Ipout  forth  in  an  horizontal  direction,  it  will 
flill  on  the  level  plane  LG,  on  which  the  vef- 
fel  is  placed,  at  F,  and  the  diftance  BF  fhall 
be  twice  the  length  of  the  line  DE. 

For  AD  is  equal,  to  half  the  horizontal 
fpace  the  emitted  fluid  defcribes  in  the  time 
a body  would  fall  from  A to  D ; and  the  times 
of  falling  bodies  are  as  the  fquare-roots  of  the 

fpaces  through  which  they  pafs : therefore, 
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As  the  time,  which  is  exp  refled  by  the 
fquare  root  of  AD, 

Is  to  half  the  fpace  which  the  emitted 
water  defcribes  in  that  time,  to  wit,  the 
line  AD, 

So  is  the  time  the  water  employs  in  fal- 
ling from  D to  B,  which  is  expreiTed 
by  the  fquare  root  of  DB, 

To  half  the  /pace  defcribed  by  the  horizon- 
tal motion  of  the  emitted  water  in  that 
time,  namely,  the  line  DE, 

Whence  it  * appears,  that  DE  is  a geometric 
cal  mean  proportional  between  AD  and  DB: 
and  that  the  readied;  method  of  calculatin'? 

D 

the  diftance  is  to  multiply  the  height  of  the 
water  above  the  orifice  by  the  height  of  the 
orifice  above  the  plain,  and  the  /quare-root 
of  the  produdt  will  be  half  the  horizontal 
diftance  to  which  the  water  will  /pout.  And 


* It  may,  perhaps,  be  a fatisfaftion  to  the  Tyro  to  fee 
an  illuftration  of  this. 

Let  a = AD,  d — DB  and  ^ — DE. 

Then  the  above  proportion  is 
Which  gives  the  equation  - 
Square  it 


Divide  by  a 

Extract  the  fquare  -root 
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the  line  DE  (by  13.  e.  6.)  will  terminate  in 
the  circle’s  periphery.  The  diftance  there- 
fore will  be  greateft  when  the  water  iffues 
from  an  aperture  at  the  center  C ; and  equal 
from  apertures  equally  diftant  above  or  below 
the  center,  as  from  D and  d. 

Since  the  velocity  of  water,  which  is  emit- 
ted from  any  veflel,  is  equal  to  the  velocity 
which  a body  would  acquire  by  falling  from 
the  height  of  the  furface  to  the  aperture,  it  is 
plain,  that  if  it  fpout  forth  in  a direction  per- 
pendicularly upwards,  it  will  proceed,  with  a 
motion  uniformly  retarded,  to  the  height  of  the 
furface,  and  then  fall  again  by  its  own  weight. 
If  it  fpout  forth,  in  a direction  obliquely  up- 
wards, its  velocity  being  known,  its  motion 
mull  be  compounded  with  the  motion  pro- 
duced by  the  perpendicular  action  of  gravi- 
ty, by  which  it  will  be  found  tp  move  in  the 
curve  of  a parabola,  as  other  projected  bodies 
do,  whofe  perpendicular  height  will  vary 
according  to  the  obliquity  of  the  direction  of 
the  fluid. 

On  thefe  confiderations  depends  the  per- 
formance of  fountains ; for  the  conftrudtion  of 
which  there  is  provided  a refervoir,  elevated 

confiderably 
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confiderably  above  the  plane  in  which  the 
fountain  is  to  be  made.  A pipe,  communicat- 
ing with  the  refer  voir,  is  conveyed  to  the  mid- 
dle of  a bafon,  and  by  means  of  a perpendicu- 
lar Ipout,  called  the  adjutage,  throws  the 
water  up  in  the  air  to  a height  which  is  in  the 
level  of  the  furface  of  the  water  in  the  refer- 
voir. 

But  in  applying  thefe  obfervations  to  prac- 
tice, there  are  many  circumftances  that,  like 
fridtion  in  mechanical  engines,  tend  to  dimi- 
nifh  the  quantities  of  motion.  There  are 
few  fluids  that  have  not  a conflderable  de- 
gree of  cohefion  or  tenacity,  which  prevents 
their  parts  from  moving  as  freely  as  other- 
wife  they  would  have  done  ; and  the  fridtion 
againfl:  the  fides  of  tubes  very  much  retards 
the  motion  of  the  included  fluids,  if  the 
tubes  be  fmall  or  crooked,  and  the  velocity 
great.  In  fountains,  efpecially  where  the 
fluid  is  thrown  perpendicularly  upwards,  the 
part  which  is  falling  refts  upon  the  column 
which  afcends,  and  prevents  its  arriving  at 
the  height  to  which  its  motion  would  have 
carried  it;  befides  which,  the  refiftance  of 
the  air,  and  other  caufes,  join  to  the  fame 
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effed.  We  muft  not  therefore  exped  in 
thefe  organs,  more  than  in  any  others,  that 
the  performance  will  equal  the  theory  ; yet, 
it  is  not  difficult  to  make  the  proper  allow- 
ances, fo  as  to  find  their  real  effeds  by  calcu- 
lation ; but  our  purpofe,  being  general,  does 
not  extend  to  the  variety  of  particulars  which 
offer  themfelves. 

CHAP.  III. 

Of  Specific  Gravities, 

IF  a folid  body  be  plunged  in  a fluid  it 
will  be  preffed  on  all  fides,  but  not 
equally.  Let  DBCE  (fig.  102.)  reprefent 
a folid  body,  immerfed  in  the  fluid  con- 
tained in  the  veffel  FGIH,  then  the  fides 
DE  and  BC  will  be  equally  preffed ; the  up- 
per furface  DB  will  be  preffed  with  the 
weight  of  a column,  whofe  bafe  is  DB,  and 
height  AB,  and  the  under  furface  will  be 
prefled  upwards  with  a force  equal  to  the 
weight  of  a column  AC.  The  body  will 
therefore  be  impelled  upwards  with  a force 
equal  to  the  excefs  of  AC  above  BC ; that 

is. 
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is,  with  a weight  equal  to  that  of  a column! 
of  the  fluid  whofe  length  is  BC.  Whence  it 
appears,  that  every  prifm,  whofe  a±is  is  per- 
pendicular to  the  horizon,  will,  if  it  be  im- 
xlierfed  in  any  fluid,  be  impelled  upwards  by 
a force  which  is  equal  to  the!  weight  of  a quan- 
tity of  the  fluid  of  the  fame  bulk  with  the 
pril'm.  And  fince  any  folid  whatfo'ever  may 
Be  conceived  to  be  formed  of  an  indefinite 
number  of  fuch  prifms,  it  is  evident  that  the 
fule  is  true  of  all  bodies,  without  refped  td 
figure. 

But  as  all  bodies,  by  the  force  ofgravify,  tend 
downwards,  it  depends  upon  that  gravity,  whe- 
ther the  immerfed  bodyfhall  afcen'd  or  defcend. 
If  the  weight  of  the  body  exceed  that  of  an 
equal  bulk  of  the  fluid,  it  will  defcend;  and 
on  the  contrary,  if  the  weight  of  the  body 
be  lefs  than  that  of  an  equal  bulk  of  the  fluid, 
the  above-mentioned  preffure  will  prevail, 
and  it  will  afcend  ; if  both  be  preciiely  equal, 
the  body  will  remain  at  reft  any  where  in  thd 
fluid. 

I hefe  things  being  confidered,  it  appears 
that  any  body,  how  heavy  foever,  may  be 
jnade  to  fvvim,  or  any  body,  how  light  foever, 
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to  fink,  if  means  be  ufed  to  keep  off  the  pref- 
fure  of  the  fluid  on  the  one  or  other  fide,  as 
circumftances  require : for,  if  ABDK  be  fup- 
pofed  to  reprefent  an  open  tube,  inftead  of 
a column  of  the  fluid,  and  the  body  DBCE 
be  applied  clofe  to  its  lower  orifice,  fo  that 
the  fluid  may  not  enter  the  tube,  the  preflure 
on  DB  will  be  taken  off,  and  confequently 
the  body  will  be  prefled  upwards  with  a force 
equal  to  the  whole  column  AC.  If  that  co- 
lumn be  of  fuflicient  length,  that  is,  if  the 
body  be  immerfed  fufflciently  deep,  the  pref- 
fure  will  exceed  the  gravity  of  the  body,  and 
therefore  fuflain  it.  In  like  manner,  if  M be 
a body  applied  to  the  open  end  of  a tube, 
which  is  clofed  at  N,  the  inferior  pref- 
fure  being  taken  off,  the  body  will  fink 
by  means  of  the  preflure  on  the  fuperior  fur- 
face. 

Since  the  preflure  by  which  bodies  immerf- 
ed in  fluids  are  impelled  upwards  is  in  pro- 
portion to  their  bulks,  it  is  plain  that  bodies 
of  equal  bulks  will  lofe  the  fame  quantity  of 
abfolute  weight  when  immerfed  in  fluids  of 
equal  denfity.  Whence  we  have  an  exadt 
method  of  determining  the  bulks  of  bodies 

whofe 
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whofe  weights  are  known,  and  from  thence 
finding  their  fpecific  gravities.  For  their 
bulks  being  as  the  weights  they  lofe  in  the 
fluid,  it  follows. 

As  the  bulk  of  one  body  (or  the  weight  it 
lofes  by  immerfion) 

Is  to  its  mafs  of  matter,  (or  abfolute  weight) 
So  is  the  bulk  of  any  other  body  (or  the 
weight  it  lofes  by  immerfion) 

To  the  mafs  of  matter  (or  abfolute  weight) 
it  would  have,  if  of  the  fame  fpecific  gra- 
vity with  the  firfb  body.  Which  weight 
lafl  found  being  compared  with  the  real 
weight  of  the  latter  body,  fliews  the  pro- 
portion of  their  fpecific  gravities. 

For  example  , if  34 oz.  of  lead  be  weighed 
in  water,  and  the  diminution  be  3 oz.  and 
15  oz.  of  tin  be  alfo  weighed  in  water,  and 
the  diminution  appear  2 oz.  it  is  required  to 
determine  the  proportion  of  their  fpecific 
gravities.  For  which  purpofe. 

As  the  diminution  in  the  lead  3,  is  to  its 
weight  34,  fo  is  the  diminution  in  the  tin  2, 
to  the  weight  of  a mafs  of  lead  of  the  f.ime 
bulk  22i  oz.  which  is  to  15  as  the  fpecilic 
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gravity  of  lead  is  to  that  of  tin,  that  is  to  fay, 
in  lower  terms,  nearly  as  i j t to  7 7. 

Bat  it  is  more  ufual  and  convenient  tq 
make  rain-water  the  ftandard,  and  refer  the 
other  fubftances  to  it:  tfytjs,  in  the  inftances 
juft  mentioned,  the  weight  pf  a mafs  of  water 
equal  in  bulk  to  the  lead  i§  3 oz.  lead  is  there- 
fore to  \yater  as  34  to  3,  or  as  Hi  to  1, 
and  in  like  manner,  tin  is  to  water  a?  1 5 to 
2,  or  as  77  to  1 . 

When  the  folid  is  lighter  than  the  fluid  in 
which  it  is  weighed,  an  additional  body  of 
greater  denfity  may  be  joined  to  it : for  in- 
stance, fuppofe  a piece  of  cedar- wood,  weigh- 
ing 92  dwts.  were  required  to  be  weighed ; 
join  to  it,  by  means  of  a fmall  hair  or  thread, 
a piece  pf  lead,  whofe  weight  in  water  is 
known,  and  weigh  them  immerfed  together. 
The  lead  will  then  appear  to  weigh  lefs  by  58 
4wts.  than  it  did  without  the  addition  of  the 
cedar ; from  whence  it  is  evident,  that  the 
ceclar  is  impelled  upwards  by  a force  that  ex-? 
ceeds  its  own  weight  by  that  quantity,  or,  in 
other  words,  that  a quantity  of  water,  equal 
jq  bulk  to  the  cedar,  will  weigh  92+58,  or 
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i^o  dwts.  confequently  the  fpecific  gravities 
of  water  and  cedar  are  in  proportion  as  150 
to  92,  or  in  lower  terms,  as  1 to  nearly. 

If  the  adjuftment  in  this  experiment  be  not 
quickly  made,  the  water  imbibed  by  the 
wood  will  render  it  fpecifically  heavier  than 
before.  In  fadt,  wood  is  not  fpecifically  lighter 
than  water,  but  by  means  of  the  air-veflels 
\vhich  run  through  its  fubftance. 

The  belt  method  to  difcover  the  fpecific 
gravities  of  fluids  is,  to  weigh  the  fame 
fubftance  in  different  fluids ; and  becaufe  the 
diminution  it  fuffers  in  weight  is  equal  to  the 
weight  of  a quantity  of  the  fluid  which  is 
of  the  fame  bulk,  we  thence  obtain  the 
weights  of  equal  quantities  of  different  fluids, 
and  the  fpecific  gravities  are  as  thofe  weights ; 
thus,  if  a piece  of  glafs  weighed  in  oil  of 
vitriol,  lofe  42^  dwts.  and  when  weighed  in 
water  only  25  dwts.  their  fpecific  gravities 
will  be  as  thofe  numbers,  or  in  lower  terms, 
as  1 to  i- 

In  all  thefe  experiments,  very  nice  fcales 
muft  be  ufed,  and  the  body  to  be  immerfed 
muft  be  fufpended  from  one  of  the  fcales,  by  a 
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horfe-hair  or  fine  thread,  whofe  weight  is  in- 
con  fiderable.  This  branch  of  phyliology  is 
replete  with  many  ufeful  and  entertaining  ex- 
periments, by  means  of  which  the  foregoing 
Conclufions  may  be  found  in  different  man- 
ners. T he  following,  though  not  quite  fo 
exadt  in  practice  as  thofe  already  mentioned, 
deferves  to  be  noticed,  on  account  of  its 
convenience  and  fimplicity. 

When  a body  floats  at  the  furface  of  a 
fluid,  the  quantity  of  the  fluid,  which  is  dis- 
placed by  the  part  immerfed,  is  equal  in 
weight  to  the  floating  body.  For  fince  the 
body  preffes  downwards  with  its  whole 
weight,  it  mufl  fink  till  the  preffure,  which 
the  fluid  exerts  upwards,  is  equal  to  that 
weight.  In  this  fituation,  fuppofe  the  fluid 
to  be  congealed,  and  the  folid  then  re- 
moved : a cavity  will  be  left  in  the 

fluid  correfponding  in  form  and  magnitude 
with  the  immerfed  part  of  the  folid.  Let 
this  cavity  be  filled  with  a quantity  of  the 
fame  fluid,  fo  that  its  furface  may  be  level 
with  the  rcfi,  and  the  whole  fluid  then 
thawed.  The  fluid  which  occupies  the  place 

of 
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of  the  folid  will  then  be  prefled  upwards 
with  a force  equal  to  that  fuftained  before 
by  the  folid,  namely,  equal  to  the  weight  of 
the  folid.  But  it  is  not  moved  by  that 
force,  for  the  furface  continues  level,  as  be- 
fore the  thaw.  The  laft  mentioned  quantity 
of  fluid  muft  therefore  prefs  downwards  with 
an  equal  force.  That  is  to  fay,  the  weight 
of  a quantity  of  fluid  equal  in  bulk  to  the 
immerfed  part  of  a folid  which  floats  on 
its  furface,  is  equal  to  the  whole  weight  of 

the  folid. 

By  the  fame  argument,  it  follows,  that  if 
a floating  body  be  loaded  with  weights,  fo  as 
to  caufe  it  to  fink  deeper  in  the  fluid,  the  ad- 
ditional parts  immerfed  will  in  bulk  be  equal 
to,  or  difplace,  parts  of  the  fluid,  whofe 
weights  are  equal  to  thofe  with  which  the 
floating  body  was  loaded. 

By  thefe  principles  is  conftrudted  the  are- 
ometer or  hydrometer,  which  is  as  follows. 
AB  (fig.  103.)  is  a tube  of  glafs  which  is 
joined  to  a hollow  ball  C,  at  the  bottom  of 
which  is  a fmaller  ball  D.  In  the  cavity  D 
is  placed  a quantity  of  quickfilver,  by  which 

the 
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the  inflrument  is  fo  poifed,  that  it  fwims  in 
f proof  fpirits  of  wine  immerfed  to  the  point 
M.  Therefore  a quantity  of  proof  fpirits 
equal  in  weight  to  the  whole  inflrument,  will 
be  equal  in  bulk  to  the  immerfed  part.  If 
it  be  immerfed  in  another  liquid  whofe  fpecific 
gravity  is  greater,  it  will  fwim  with  the  tube 
higher  out  of  the  water,  fuppofe  to  the  point 
B.  Then  the  weights  of  the  quantities  dis- 
placed remaining  the  fame,  their  bulks  will 
be  as  the  immerfed  points  of  the  hydrometer, 
and  the  fpecific  gravities  of  the  fluids  will  be 
inverfely  as  thofe  bulks.  The  proportion 
which  any  length  of  the  tube  bears  to  the 
whole  bulk  of  the  inflrument  being  known, 
it  will  not  be  difficult  to  graduate  the  tube 
fo  as  to  indicate  the  fpecific  gravities  by  in- 
fpedtion. 

But  this  inflrument  is  very  confined  in  its 
ufe ; for  if  the  liquors  differ  confiderably  in 
fpecific  gravity,  they  will  exceed  the  limits  of 
the  graduation  : thus  the  hydrometer  which  is 
adapted  for  fpirits,  will  fwim  in  water  with 
part  of  the  ball  above  the  Surface ; and  if  it 

^e  adapted  to  water,  it  will  not  fwim  in 
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fpirits  at  all.  It  is  true  this  may  be  remedied, 
either  by  lengthening  or  widening  the  tube  ; 
but  the  firft  is  inconvenient,  and  the  latter 
would  make  the  graduations  fo  fhort?  as  to 
render  them  of  no  ufe.  / 

To  make  this  inftrument  of  more  fervice, 
there  has  been  added  a little  plate  or  difh  DD 
(fig.  104.)  at  the  top  of  the  tube,  upon  which 
may  be  placed  weights,  as  convenience  re- 
quires. For  example,  if  the  whole  inftru- 
ment  float  immerged  in  fpirits  to  the  point 
M,  it  will  require  an  additional  weight  to 
fink  it  to  the  fame  depth  in  water.  Suppofe 
the  inftrument  to  weigh  iodwts.  and  to  be 
adjufted  to  rectified  fpirits  of  wine,  it  will 
then  require  the  addition  1 A dwt.  to  fink  it 
to  the  fame  point  in  water.  Confequently 
it  appears,  that  the  fpecific  gravity  of  water 
is  to  that  of  fpirits  of  wine,  as  11  TV  to  10, 
pr  in  lower  terms,  as  1 to 

This  is  the  beft  hydrometer,  both  in  re- 
fpedt  to  exaffcnefs  and  facility  in  practice. 
That  which  is  ufed  by  the  officers  of  Excife, 
is  very  well  adapted  for  its  purpofe,  which 
i?  more  confined  : it  differs  from  that  here 

, defcribed. 
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defcribed,  by  having  its  additional  weights 
fcrewed  on  at  a Item  at  E.  It  is  moil  con- 
venient that  thefe  inftruments  Ihould  be  made 
of  copper. 

Here  follows  a lift  of  the  fpecific  gravities 
of  bodies,  extracted  from  the  writings  of  the 
beft  modern  philofophers. 


Metals. 
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C Id  A P.  IV. 

Of  the  Refiflance  which  Fluids  make  to  Bodies 
moving  in  them . 

W£  mu  ft  riot  conclude  the  general  ac~ 
count  of  fluids,  without  explaining 
the  refiflance  they  make  to  the  motions"  of 
bodies  immerfed  in  them.-  The  phenomena 
which  this  refiflance  produces  are  continually 
offering  themfelves  to  our  notice,  arid  appear 
in  every  motion  that  paffes  under  our  ob- 
fervatiori. 

When  a body  is  imrnerfed  in  a mafs  or 
quantity  of  fluid  matter,  and  is  in  motiony 
it  mufl  feparate  the  parts  of  the  fluid  from 
each  other  as  it  moves.  If  the  parts  of  the 
fluid  be  without  cohefion  or  tenacity,  this 
feparation  will  be  attended  with  no  difficulty ; 
but  if  the  tenacity  be  confiderable,  it  will 
require  a confiderable  force  to  overcome  it. 
A part  of  the  motion  mufl  therefore  be  loll  in 
producing  this*  effedt.  And,  in  the  fame 

i fluid. 
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fluid,  the  more  parts  are  divided  in  a given, 
time,  the  greater  quantity  of  the  motion  muft 
be  loft  or  employed  for  that  purpofe.  But  a 
body,  moving  through  an  uniform  fluid,  di- 
vides a greater  or  lefs  number  of  its  parts, 
in  proportion  as  the  velocity  of  its  motion  is 
greater  or  lefs.  Confequently,  the  reflftance 
which  an  uniform  fluid  makes,  by  reafon  of 
its  tenacity,  to  a body  immerfed  and  moving 
in  it,  is  in  proportion  to  the  velocity  of  the 
moving  body. 

But  there  is  another  reflftance  of  greater 
confequence,  which  fluids  make  to  bodies 
immerfed  and  moving  in  them,  and  which 
arifes  from  the  inertia  of  their  parts.  Thus, 
if  a body  of  a given  magnitude  be  moved  in 
a fluid,  it  muft  give  motion  to  a certain  quan- 
tity of  that  fluid,  and  the  reaction  of  that 
quantity  will  deftroy  part  of  the  motion  of 
the  body.  Now  a body  moving  through  an 
uniform  fluid,  gives  motion  to  a greater  or 
lefs  number  of  its  parts,  in  proportion  to  the 
velocity  of  its  motion,  and  is  therefore  reflft- 
ed  in  the  Ample  proportion  of  the  velocity  on 
that  account.  Again,  a body  moving  through 
an  uniform  fluid,  communicates  a greater  or 

lefs 


32 


Refinance  and  Retardation. 

lefs  quantity  of  motion  to  each  of  its  parts,  in 
proportion  to  the  velocity  of  its  motion,  and 
is  therefore  relifted  in  the  fimple  proportion 
of  the  velocity  on  that  account.  On  both 
accounts,  then,  the  refiftance  which  arifes 
from  the  inertia  of  the  fluid,  is  in  the  du- 
plicate proportion  of  the  velocity  of  the 
moving  body. 

When  the  fame  body  is  fpoken  of,  the  re- 
fiftance and  retardation  follow  the  fame  ratio ; 
but,  in  different  bodies,  they  differ  in  the 
fame  manner  as  motion  and  velocity.  Re- 
fiftance fignifies  the  quantity  of  motion,  and 
retardation  the  quantity  of  velocity  which 
is  deftro.yed  : for  example,  if  a body  move 
with  a given  velocity  in  a fluid,  and  lofe  half 
its  motion  by  the  refiftance,  its  retardation 
will  be  half  its  velocity  : but  if  another  body 
of  the  fame  bulk,  but  twice  its  weight  or 
mafs  of  matter,  move  with  a like  velocity  in 
the  fame  fluid,  it  will  be  equally  refilled ; 
but,  having  twice  the  quantity  of  motion, 
will  only  lofe  one-fourth  of  its  velocity. 
Thus,  though  the  reflllances  be  equal,  the 
retardation  in  the  latter  inftance  is  only  half 
the  quantity  of  that  in  the  former. 


In 
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In  fluids  which  are  not*  glutinous,  the  re- 
finance arifing  from  their  tenacity  is  incon- 
fiderable,  efpecially  in  fwift  motion  : in  which 
cafe,  the  refinance  from  the  inertia  increafing 
as  the  fquares  of  the  velocities,  while  that 
from  the  tenacity  increafes  only  as  the  velo- 
cities themlelves,  the  proportion  of  the  latter 
to  the  former,  becomes  fo  fmall  that  it  may 
be  neglected.  It  is  ufual,  therefore,  to  negled: 
that  rehftance  which  arifes  from  the  tenacity 
of  fluids* 

In  like  circumfiances,  the  refinances  of 
fluids  are  as  their  denfities.  For  the  quan- 
tity of  matter  to  be  moved  is  in  that  pro- 
portion. 

It  a cylinder  be  moved  through  an  uni- 
form fluid  in  the  direction  of  its  axis,  it  will 
fuffer  a refinance  equal  to  that  of  a fphere, 
whofe  diameter  and  velocity  of  motion  in  the 
fame  fluid  are  equal  to  thofe  of  the  cylinder, 
bor  proof  of  which,  fuppofe  the  cylinder  to 
be  quiefcent  in  the  middle  of  a prifmical 
canal  or  tube,  its  axis  coinciding  with  that  of 
the  tube.  Let  this  tube  be  filled  with  the 
fluid,  and  conceive  the  fluid  to  be  moved 
through  it  with  a given  velocity.  Then  the 

VoL*  O fluid 
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fluid  will  pafs  between  the  Tides  of  the  tube 
and  the  cylinder,  and  its  motion  will  be  im- 
peded by  its  being  reduced  to  pafs  through  a 
narrower  fpace.  If  the  fphere  be  fubftituted 
in  the  place  of  the  cylinder,  the  fpace  through 
which  the  fluid  is  reduced  to  pafs  will  be  pre- 
cifely  the  fame,  and  confequently  its  motion, 
will  be  equally  impeded.  And,  becaufe 
a£Hon  and  reaction  are  equal,  the  cylinder 
and  fphere  in  thefe  circumflances  will  be 
equally  adted  upon  by  the  fluid.  Now,  let 
the  fluid  be  fuppofed  quiefcent,  and  the  cy- 
linder or  fphere  moved  with  the  fame  velo- 
city, and  in  the  contrary  direction  to  that  in 
which  the  fluid  was  before  moved  ; and  the  re- 
lative motions  of  the  fluid  and  immerfed  body 
will  be  the  fame  as  before.  Confequently 
the  cylinder  and  fphere,  if  moved  with  equal 
velocities  through  a prifmical  veflel  contain- 
ing a fluid,  will  be  equally  adted  upon  in  the 
contrary  diredtion  to  their  motions ; that  is, 
they  will  be  equally  refilled. 

In  like  manner,  it  is  fhewn,  that  all  bodies 
whofe  * orthographic  projedlions  taken  by 
ravs  in  the  direction  of  their  motions,  are 

•*  The  fhadow  of  a body  which  is  made  by  the  inter- 
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equal,  will  be  equally  relifted  when  moving  in 
a prifmical  veftel  which  is  filled  with  a given 
fluid.  For  they  equally  impede  the  palling 
or  relative  motion  of  the  fluid.  And,  fince 
this  equality  of  refiftance  does  not  at  all 
depend  on  the  magnitude  of  the  prifmical 
veftel,  the  dodlrine  may  be  applied  to  bodies 
moving  in  an  indefinitely  extended  fluid,  or 
fluid  contained  in  an  indefinitely  large  prif- 
mical veftel.  It  may,  therefore,  be  applied 
to  all  bodies  in  motion  which  are  deeply  im- 
merfed  in  any  fluid. 

By  aprocefs,  which  is  too  long  to  be  in- 
lei  t>_d  heie,  it  is  demonftrated  that  the 
refiftance  which  a fluid  makes  to  a cylinder 
moving  in  it  in  the  direction  of  its  axis,  is 
equal  to  the  weight  of  a column  of  the  fluid, 
whole  bafe  is  equal  to  that  of  the  cylinder, 
and  height  is  equal  to  half  the  fpace  through 
which  a body  ought  to  fall  in  vacuo  to  acquire 
the  velocity  with  which  the  -cylinder  moves. 

Hence  the  refiftance  and  retardation  of  a 
bouy  moving  in  any  fluid  may  be  found,  if 

ception  of  parallel  rays,  and  which  falls  on  a plane  fur- 
ace  fituate  at  right  angles  to  the  direction  of  the  rays 
18  the  orthographic  projetfion  of  the  outline^  of  that  body.  ’ 

* Princp.  37.  1.  2.  1 
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the  velocity  of  its  motion,  its  bulk  and 
weight,  together  with  the  denfity  of  the 
fluid  be  known.  An  inftance  will  render 
this  familiar. 

Suppofe  a globe  of  lead  of  three  inches 
diameter,  and  84  oz.  troy  weight  to  be  moved 
in  water,  with  a velocity  of  2 feet  in  a fecond  ; 
it  is  required  to  find  the  refiftance  and  retar- 
dation which  the  water  makes  to  its  motion  ? 

A falling  body,  as  has  already  been  ob- 
ferved,  defcribes  the  fpace  of  15  TV  Paris 
feet  in  a fecond  of  time ; which  is  equal  to 
1 6 tV  English  feet.  But  for  the  fake  of  round 
numbers,  let  us  call  it  16  feet.  And  the  Iaft 
velocity  of  an  equably  accelerated  motion,  is 
fuch  as  would,  uniformly  in  the  fame  time, 
defcribe  twice  the  fpace  already  defcribed  ab 
initio.  Now,  the  fpaces  defcribed  are  as  the 
fquares  of  the  velocities  ; therefore. 

As  the  fq.uare  of  the  velocity  of 
32  feet  per  fecond,  - - 1024 

Is  to  the  fpace  by  falling  which 

that  velocity  was  acquired,  - 16 

So  is  the  fquare  of  2,  the  given 
velocity,  4 


To 


Rejijiance  cf  Fluids.  37 

To  the  fpace  by  falling  which 

it  would  be  acquired  - - T-44+-  or  TV. 

The  half  of  which,  or  TV  of  a foot,  is  the 
length  of  the  column  of  water;  and  its  diameter 
being  three  inches,  it  will  weigh  2 § oz.  troy, 
which  therefore  fhews  the  quantity  of  the 
refiftance. 

* . 

The  refiftance  being  thus  difcovered,  we 
may  confider  the  effedt  in  the  fame  manner 
as  if  a body  of  84  oz.  had  ftruck  with  a ve- 
locity 2 againft  a quiefcent  body  of  2 ~ oz.  and 
ealily  difcover  the  velocity  of  the  body  84  after 
the  ftroke,  and  confequently  find  its  retardation. 

For  the  motion  of  the  firft  body  before 
the  ftroke  is  expreffed  by  84  multiplied  by 
2,  or  168 ; and  the  whole  fum  of  the  motion 
is  not  altered  by  the  mutual  adtion  of  the 
bodies.  Therefore,  after  the  ftroke,  the 
quantity  of  motion  continues  to  be  168, 
though  the  mafs  is  increafed  by  the  addition 
of  2 4,  by  that  means  becoming  86  4 in- 
ftead  of  84.  To  find  the  velocity,  divide 
the  quantity  of  motion,  168,  by  the  mafs, 
86  4,  which  gives  1 A,  the  difference  be- 
tween which  and  the  former  velocity  2 is  the 
retardation,  that  is  to  fay, 
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Thus  it  appears,  that  in  order  to  maintain  the 
uniform  motion  of  a body  in  a fluid,  a conflant 
acceflion  of  force  is  required  to  overcome  the 
refi fiance ; but  as,  in  general,  there  is  no  filch 
acceflion  in  the  motions  which  are  performed 
about  us,  they  all  decay  by  degrees,  and  at 
length  terminate. 

It  likewife  appears,  that  when  a body  moves 
in  any  fluid,  and  is  aded  upon  by  any  con- 
flan  t force,  it  can  obtain  but  a certain  degree 
of  velocity.  For,  as  the  refinance  increafes 
with  the  velocity,  but  in  a higher  proportion, 
namely,  as  the  fquares,  it  is  plain  that  the 
refinance  at  a certain  period  of  the  accelera- 
tion, will  become  equal  to  the  conflantly  act- 
ing force  after  which  the  body  will  proceed 
uniformly,  and  the  conflantly  ading  force 
will  be  employed  in  overcoming  the  refin- 
ance. On  this  account  it  is,  that  bodies 
which  fink  in  water,  or  other  fluids,  by  the 
force  of  gravity,  do  foon  acquire  their  utmofl 
velocity,  and  afterwards  proceed  uniformly. 
And,  in  like  manner,  a fhip,  when  it  firfl 
gets  under  way,  proceeds  with  an  accelerated 
velocity,  till  the  refiflance  of  the  water  be- 
comes in  equilibrio  with  the  adion  of  the 

wind 
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wind  on  its  fails,  after  which  it  proceeds  uni- 
formly, the  force  of  the  wind  being  entirely 
employed  in  overcoming  that  refinance. 

In  mathematical  ftridtnefs  it  is  not  true, 
that  a body  in  thefe  circumftances  ever  arrives 
at  uniformity  of  motion  ; for  the  approach 
of  the  refinance  to  an  equality  with  the  impel- 
ling force  is  reprefented  by  a converging  feries, 
the  number  of  whofe  terms  is  infinite  : but 
the  latter  terms  foon  become  too  fmall  to  be 
of  any  phyfical  confequence. 

What  is  here  faid  of  refinances  is  to  be 
underftood  of  bodies  deeply  immerfed  in 
fluids,  the  parts  of  which  are  comprefled  to- 
gether, and  non-elaftic  or  incapable  of  con- 
denfation.  Friftion  is  likewife  negledted. 
Bodies  which  move  at  or  near  the  furfaces  of 
fluids,  more  efpecially  if  they  be  obtufe, 
caufe  the  fluid  to  rife  into  a heap  before  the 
body,  at  the  fame  time  that  it  fubfides  at  the 
hinder  part.  In  like  manner,'  obtufe  bodies, 
moving  in  elaftic  fluids,  condenfe  that  part 
of  the  fluid  towards  which  they  are  moving, 
while  the  part  from  which  they  recede  is  rare- 
fied. In  thefe  cafes  the  refinances  are  greater 
than  appears  by  the  principles  jurt  treated  of. 
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SECT.  IV, 

Of  the  Air, 


CHAP.  I. 

Of  the  general  Properties  of  the  Air ; and  of 

the  Dimenfons  of  the  Atmofphere. 

. 

N T I N U A L experience  evinces, 
that  we  are  furrounded  by,  and  im- 
meifed  in,  a fluid,  which  agitates  bodies 
when  it  is  in  motion,  which  refiffs  the  mo- 
tions made  in  it,  which  fuftains  bodies  float- 
ing in  it,  and,  in  fhort,  which  differs  from 
the  groffer  fluids,  in  few  refpedts,  except 
thofe  of  tranfparency,  elafficity,  and  gravity ; 
fhe  two  ffrff;  of  which  properties  it  has  in  a 
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greater,  and  the  latter  in  a lefs  degree  than 
other  fluids. 

The  whole  mafs  of  this  fluid,  with  its 
contents,  is  called  the  atmofphere ; which 
term  is  made  ufe  of  when  we  confider  the 
effects  which  arife  from  its  form,  magni- 
tude, denfity,  See.  but  when  we  fpeak  inde- 
finitely of  the  fluid  of  which  the  mafs  is 
compofed,  with  a view  to  develope  its  qua- 
lities, and  confider  it  independant  of  the  bo- 
dies which  are  immerfed  in,  or  mixed  with 
it,  it  is  called  the  air,  or  air. 

The  philofophers  of  antiquity  clafied  the 
air  among  the  elements  or  principles  which 
enter  into  the  compofition  of  bodies,  and  the 
dodtrine  was  long  received  by  the  moderns. 
At  this  day  there  are  many  who  confider  pure 
air,  that  is,  air  which  is  not  mixed  with  moif- 
ture  or  the  effluvia  of  bodies,  as  an  uncom- 
pounded fluid  ; by  which  we  muff  under- 
ftand  a fluid  whofe  particles  are  uniformly 
fimilar,  and  lndeftrudtible.  For,  if  they  be 
not  uniformly  fimilar,  it  may  be  decom- 
pounded by  the  reparation  of  the  particles  of 
any  one  fort;  and  if  the  particles  be  not  in- 
deflrudtjble,  it  may  not  only  be  decompound- 
ed. 


/ 


42 


Definition  of  the  Air . 

ed,  but  its  properties  entirely  changed,  by 
their  comminution.  Experiment  does  not 
confirm  this  opinion,  for  it  is  proved  capable 
of  decompofition.  But  this  is  not  our  imme- 
diate purpofe.  It  will  be  more  regular  to 
advert,  in  the  firfl:  place,  to  the  more  obvi- 
ous properties  of  the  air,  and  afterwards  en- 
quire what  it  is  that  enters  into  its  compofi- 
tion. 

Air  then  is  a fluid,  whofe  particles  are  not 
in  contact,  and  repel  each  other,  which  repul- 
fion  may  be  diminilhed,  but  cannot  be  de- 
flxoyed  by  any  degree  of  cold  that  is  known 
in  the  vicinity  of  the  earth.  For,  if  the 
particles  were  in  contadt  the  fluid  could  not 
be  comprefled,  and  if  they  did  not  repel  each 
other,  the  fluid  could  not  expand  when  the 
comprefling  force  is  removed : but  this  elas- 
ticity is  the  property  of  the  air,  as  may  be 
fhewn  by  various  methods ; one  of  the  fimplefl: 
of  which  is,  to  pour  a quantity  of  quickfilver 
in  the  tube  ABC  (fig.  105.)  which  is  clofed 
at  A,  and  open  at  C.  Suppofe  the  tube  to 
be  filled  with  quickfilver  to  E,  then  the  air 
inclofed  in  the  leg  AB  will  prevent  its  riling 
higher  than  D.  Mark  F in  the  fame  hori- 
zontal 
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zontal  line  with  D,  and  by  what  has  before 
been  faid  concerning  hydroftatics,  the  column 
DB  will  be  in  equilibrio  with  FB,  and  con- 
fequently  the  quickfilver  contained  between 
F and  D will  not  at  all  prefs  on  the  air  be- 
tween A and  D.  But  the  column  EF  act- 
ing with  its  whole  weight  on  the  quickfilver 
between  F and  D caufes  it  to  prefs  on  the 
air  at  D,  and  condenfe  it.  By  increafing  the 
quantity  of  quickfilver  the  condenfation  is 
increafed,  and  it  is  found,  that  the  fpaces 
into  which  the  air  is  condenfed  by  different 
weights  are  inverfely  as  thofe  weights. 

The  latter  part  of  the  definition  is  that 
which  diftinguifhes  air  from  vapor,  which  is  a 
fluid,  the  repul fion  of  whofe  particles  may  be 
deftroyed  by  cold,  and  the  whole  condenfed 
into  a grofs  fluid  by  their  coalition.  Perhaps 
the  difference  between  air  and  vapor  may,  in 
this  particular,  be  much  the  fame  as  between 
quickfilver  and  melted  metal,  lead,  for  in- 
flance ; the  former  of  which  requires  the  mofl 
intenfe  cold  to  reduce  it  to  a folidform,  while 
the  latter  is  not  exhibited  in  a fluid  ffate 
without  the  application  of  a very  great  degree 
of  heat. 


One 
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One  of  the  firft  objedts  of  enquiry  that  offer 
themfelves  on  this  fubjedt  is  the  extent  or 
magnitude  of  the  atmofphere.  Experience 
affures  us,  that  it  is  extended  over  the  whole 
furface  of  the  earth  and  fea  ; and  it  is  evident, 
from  the  fufpenfion  and  motion  of  the  clouds, 
that  its  altitude  is  confiderable  ; but  the  mea- 
fure  of  this  altitude  muft  be  obtained  from  its 
effedts.  Thus,  if  the  fpecific  gravity  of  the  air 
be  found,  and  alfo  its  whole  p re  flu  re  on  bodies, 
it  will  be  eafy  to  difcover  the  quantity  and  the 
height  of  the  fluid.  Another  method  of  dis- 
covering the  height  of  the  atmofphere  is  de- 
duced from  optical  confiderations,  by  obferv- 
ipg  the  effiedt  it  has  on  the  light  of  the  Sun. 
We  (hall  fpeak  of  both  in  their  order. 

Let  A-B  (fig.  106.)  reprefen  t a bottle,  whofe 
contents  are  exadtly  known ; for  example,  fup- 
pofe  it  capable  of  holding  two  pounds  of  rain- 
water let  a valve,  opening  outwards,  befit- 
ted at  A,  and  the  air  be  exhaufted  from  with- 
in by  means  of  the  air-pump,  hereafter  to  be 
defcribed  j let  the  veffel  thus  exhaufted  be 
weighed  in  * water,  or  any  other  denfe  fluid, 

* Thd  intention  of  which  is,  that  the  fcales  being 
loaded  as  little  as  pofiible,  may  the  more  readily  turn 

in 
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in  the  vefiel  MN,  as  reprefented  in  the  figure, 
after  which  let  the  air  be  admitted.  An 
additional  weight  of  about  147  grains  will 
be  required  to  reftore  the  equilibrium  : there- 
fore, the  air  contained  in  the  vefiel  AB 
weighs  14-7  grains,  the  proportion  of  which 
to  two  pounds  is  1 to  800,  or  j 4 to 
1000. 

The  fpecific  gravity  of  air  being  thus  difco- 
vered,  its  prefiiire  may  be  found  by  the  Tor- 
ricellian experiment,  fo  called  from  its  inven- 
tor Torricellius.  Let  AB  (fig.  107.)  repre- 
fent  a glafs  tube  of  the  length  of  35  inches  or 
upwards,  clofed  at  the  end  A,  and  open  at  B ; 
fill  the  fame  with  quickfilver,  and  clofe  the 
orifice  at  B with  the  finger,  or  otherwife  : im- 
merfe  the  end  B in  the  vefiel  of  quickfilver 
CD,  and  remove  the  finger  from  the  orifice; 
then  the  quickfilver  will  fubfide  to  N in  the 
tube  at  the  height  of  about  30  inches. 

In  the  infancy  of  the  modern  philofophy, 
the  folution  of  the  caufe  of  this  phenomenon 
afforded  matter  for  great  controverfies ; at 
prefent,  the  gravity  of  the  atmofphere  being 

with  the  teaft  alteration  of  weight  j for  the  lefs  they  are 
loaded,  the  lefs  is  the  fri&ion  at  the  fulcrum. 


no 
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no  longer  in  doubt  with  any  that  have  at  all 
attended  to  phyfiological  fubje&s,  it  is  rea- 
dily explained  on  the  common  principles  of 
hydroftatics : for  which  purpofe  it  muft  be 
remembered,  that  the  p re ffure,  which  a body, 
immerfed  in  the  veffel  CD,  would  fuftain,  is 
not  only  that  which  arifes  from  the  weight 
of  the  quickfilver,  but  likewife  from  that  of  a 
column  of  the  atmofphere,  which  is  incum- 
bent on  its  furface ; fo  that  every  column  of 
the  quickfilver  preffes  with  a force  that  ex- 
ceeds its  own  weight.  When  the  tube  is  in- 
verted into  the  veffel  of  quickfilver,  the  fur- 
face  of  the  column  which  it  contains  being 
defended  from  the  preffure  of  the  atmofphere, 
by  the  clolure  at  A,  can  prefs  downwards 
with  no  more  than  its  own  weight;  and  will, 
therefore,  be  in  equilibrio  with  the  preffure 
which  the  quickfilver  in  the  veffel  exerts 
againft  its  delcent,  then  only,  when  it  is  fo 
much  longer,  that  the  additional  quickfilver 
may  be  equal  to  the  additional  weight  which 
a fimilar  column  in  the  veffel  receives  from 
the  preffure  of  the  atmofphere  ; that  is  to  fay, 
the  preffure  of  the  atmofphere  on  any  given 
furface  is  equal  to  the  weight  of  a column  of 

mercury, 
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mercury,  whofe  bafe  is  the  given  furface,  and 
height  equal  to  that  at  which  it  ftands  in  the 
Torricellian  tube;  and  this  preflure  is  the 
weight  of  a column  of  air,  whofe  bafe  is  the 
given  furface,  and  height  equal  to  that  of  the 
atmofphere. 

It  has  been  {hewn,  that  when  the  air  is 
condenfed,  its  denfity  is  in  the  reciprocal  pro- 
portion to  the  weight  that  compreffes  it.  By 
means  of  the  Torricellian  tube  we  may  ob- 
ferve,  that  the  fame  ratio  obtains  when  it  is 
rarefied  by  taking  off  part  of  the  weight  of 
the  fuperincumbent  atmofphere.  For,  in  any 
elaftic  fluid  at  reft,  the  fpring  muft  equal  the 
compreffing  force ; and  if  any  part  of  that 
force  be  taken  away,  it  muft  expand  till  the 
fpring  becomes  equal  to  the  remainder ; 
which  will  happen  if  the  elafticity  of  the 
fluid  be  weakened  by  expanfion.  And  fince 
the  preflures  of  fluids  are  as  their  heights,  the 
preflure  of  the  Mercury  in  the  tube  aB  will 
be  equal  to  that  in  the  tube  AB,  when  the 
mercury  refts  at  n in  the  fame  horizontal  line 
with  N.  Now,  if  a bubble  or  ftnall  quan- 
tity of  air  be  admitted  into  the  tube  AB,  it 
will  deprefs  the  mercury  below  the  mark  N 

till 
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till  its  fpring  and  the  weight  of  the  mercury- 
remaining  in  the  tube  be  in  equilibrio  with 
the  preffure  of  the  atmofphere ; that  is,  if 
the  mercury  be  depreffed  to  M,  that  part  of 
the  weight  of  the  atmofphere  which  corre- 
fponds  with  the  quantity  of  mercury  MB, 
will  be  fuftained  by  the  weight  of  the  mer- 
cury, and  the  remainder  MN  will  be  fuf- 
tained by  the  fpring  of  the  included  air.  The 
included  air  then,  being  preffed  by  a weight  lefs 
than  that  of  the  whole  atmofphere,  oecomes 
rarefied  or  expanded.  By  varioufly  inclining 
the  tube  the  included  air  may  be  made  to 
bear  more  or  lefs  of  the  weight  of  the  atmo- 

r 

fphere,  (as  may  be  gathered  by  meafuring 
the  perpendicular  altitude  of  M above  the 
furface  of  the  quickfilver  contained  in  the 
veffel  CD,  and  fubtradting  it  from  the 
altitude  BN,  which  correfponds  with  the 
weight  of  the  whole  atmofphere)  and  its  con- 

O 

tradition  or  ddatation  obferved  t whence  it  ap- 
pears, that  the  air,  though  greatly  raiefied, 
occupies  a fpace  which  is  reciprocally  propor- 
tional to  the  compreding  force. 

If  two  columns  of  uniform  fluids,  whofe 

fpccific  gravities  differ,  be  equal  in  weight, 

and 
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and  ftand  on  equal  bafes,  their  heights  will 
be  reciprocally  as  their  fpecifie  gravities. 
The  fpecifie  gravities  of  quickfilver  and  air 
are  refpedively  140 19  and  1 _L  : therefore, 

As  the  fpecifie  gravity 


of  air, 


Is  to  the  fpecifie  gra- 
vity of  mercury,  - 14019 

So  is  the  height  of  the 

column  of  mercury,  - 30  inches 

To  the  height  of  an 

equal  column  of  air  336456  or  54  EngHd,  miles. 
This  would  be  the  height  of  the  atmo- 
fphere,  if  it  were  uniformly  of  the  fame  den- 
sity j but  as  that  is  not  the  cafe,  on  account 
of  the  elafticity  which  caufes  the  upper  parts 
to  expand  in  proportion  as  the  weight  of  the 
[ fuperincumbent  parts  becomes  lefs,  as  was 

before  obferved,  the  altitude  mull  be  much 
greater. 

The  denfity  of  the  air  in  that  part  of  the 
atmofphere  in  which  we  live  being  fhewn  to 
be,  in  all  cafes,  as  the  weight  that  comprefies 
.it,  it  is  plain,  if  the  conftitution  of  the  air  in 
31  the  fuperior  regions  be  of  the  fame  kind,  that 

i its  denfity  at  any  altitude  will  be  as  the  weight 

r Vol.  II.  E 
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or  quantity  of  the  fuperincumbent  air.  Suppofe 
Am  (fig-  108.)  to  be  a column  of  the  atmo- 
fphere, and  imagine  the  fame  to  be  continued 
at  pleafure  beyond  m,  fo  as  to  reach  its  utmoft 
limits.  Let  this  column  be  divided  into  an 
indefinitely  great  number  of  equal  parts,  Ab, 
be,  cd,  &c.  and  the  quantity  of  air  con- 
tained in  any  one  of  thofe  parts,  or  its  denfity, 
will  be  in  proportion  to  the  quantity  of  air 
which  is  fuperincumbent  on  that  part.  Now, 
the  difference  between  the  quantities  of  air 
incumbent  on  any  two  contiguous  parts  is  the 
quantity  contained  in  the  uppermoft  of  thofe 
parts';  that  is,  for  example,  the  quantity 
fuperincumbent  on  d is  lefs  than  that  which  is 
incumbent  on  c by  the  difference  or  part  cd  : 
therefore  the  quantities  contained  in  the 
equal  parts  or  divifions  are  the  differences  be- 
tween the  incumbent  maffes  of  air  taken  in 
a regular  fucceffion.  And  thefe  quantities  or 
differences  have  been  (hewn  to  be  in  pro- 
portion to  the  incumbent  maffes.  * Now, 


* Let  a,  b,  £,  cl,  &c.  be  magnitudes  whofe  differences 

are  as  the  magnitudes  themfelves.  - 

That  is  Cl— b \b  \ \ b—c  \ c ::  c — d : d,  &c. 

a c~b  b , b d~c  c,  &c, 
a:  b : c : d,  &cc. 

It 
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it  iS  demonftrable,  that  if  any  fucceflion  or 
feries  of  magnitudes  do  increafe  or  decreafe  in 
fuch  a manner,  that  the  differences  lhall  be 
in  proportion  to  the  magnitudes  themfelves, 
then  thofe  magnitudes,  and  confequently  their 
differences,  fhall  be  in  a continued  geometri- 
cal progreffion  : whence  it  follows,  that  the 
denfities  or  quantities  of  air  contained  in  the 
equal  divisions  or  parts  Ab,  be,  cd,  &c.  do 
decreafe  in  a continued  geometrical  progref- 
1 lion. 

By  a calculation  inftituted  on  thefe  princi- 
ples it  is  fhewn,  that  the  air  at  the  height  of 
feven  miles  above  the  earth  muft  be  4 of  the 
denfity  it  is  with  us ; at  the  heights  of  14, 

2 r,  28,  and  35  miles  refpedively, 
and  °f  the  denfity  it  is  with  us ; and 

at  the  heights  of  70,  40,  and  210  miles  re- 
fpe&ively  about  1 

J ioooooo>  1000&0  *0  o o 6 6 o 

roo-o-ooTTou  000000  0-0-5-  °f  the  fame  denfity  • 
yet  it  does  not  follow  from  hence  that  the 
extent  of  the  atmofphere  is  infinite  j for  at 

(the  extreme  boundary,  where  there  is  no 
fuperincumbent  fluid,  the  weights  of  the  par- 
ticles themfelves,  being  finite,  muft  prevent 
their  refiling  beyond  a limited  diftance. 

E 2 
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This  reafoning  depends  on  the  fuppofition 
that  the  fuperior  air  is  of  the  fame  conftitu- 
tion  as  that  in  which  we  live ; but  it  mud  be 
confeffed,  that  by  the  experiments  which 
have  been  made  on  the  air  at  the  top  of  moun- 
tains, the  preffure  fee  ms  to  decreafe  in  a 
higher  proportion  j fo  that  the  air  in  the  upper 
regions  muft  be  more  elaftic  than  that  near  the 
furface  of  the  earth,  whofe  fpring  may  per- 
haps be  diminifhed  by  various  exhalations. 
To  difcover  the  circumftances  on  which  this 
difference  of  conftitution  depends,  is  an  en- 
quiry that  well  deferves  attention  ; and  when 
the  fubjedt  fhall  be  farther  elucidated,  it  is 
probable  that  the  above  ratios  may,  notwith- 
llanding,  be  applied  with  advantage. 

Much  pains  have  been  taken  to  difcover 
the  caufes  which  influence  the  altitudes  of 
the  mercury  in  the  Torricellian  tube  at  dif- 
ferent heights  above  the  furface  of  the  earth. 
If  this  could  be  accurately  done,  it  is  plain  : 
that  we  fhould  have  an  eafy  method  of  mea- 
luring  the  heights  of  mountains,  and  other 
elevations.  For  the  heights  of  the  mercury 
being  known,  would  indicate  the  corrcfpon- 

dent  altitudes  of  the  eminences  on  which  the 

tube 
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tube  was  placed.  And  notwithftanding  all 
the  difficulties  which  occur  in  the  practice, this 
method  of  meafuring  heights  is  little  inferior, 
if  not  even  equal,  to  any  other. 

The  other  method  of  difcovering  the  height 
of  the  atmofphere  is  deduced  from  obfervations 
of  the  morningand  eveningtwilight.  Notwith- 
ftanding  the  very  great  tranfparency  of  the 
air,  it  may  be  rendered  vifible  by  means  of 
the  rays  of  light,  which  are  incident  on  its 
particles,  and  thence  reflected  in  all  direc- 
tions. This  is  evident  from  the  appearance 
of  the  beams  of  the  Sun  admitted  into  a room 
through  the  window-fhutter,  and  may  fre- 
quently be  obferved  when  the  Sun  fhines 
through  the  chafms  or  openings  in  a dark 
cloud  : whence  it  happens,  that  thofe  bodies 
which  emit  a very  fmall  quantity  of  light  are 
not  to  be  difcerned  in  this  ftronger  light.  In 
the  day-time  the  liars  are  invifible,  and  the 
flame  of  a candle  can  fcarcely  be  feen  in  the 
fun-ffiine:  were  it  not  for  this  illumination 
the  fky  would  appear  black,  and  the  ffiady 
lides  of  objects  would  be  of  a dark  colour, 
almoft  the  fame  as  at  midnight. 
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The  Sun  fhining  on  the  globe  of  the  earth 
can  illuminate  but  one  hemifphere  at  once, 
as  has  already  been  {hewn ; but  it  is  not  fo 
with  the  atmolphere  which  environs  the  globe. 
Thus,  the  illuminated  part  of  the  globe  ter- 
minates at  D and  d (fig.  109.)  but  the  atmo- 
fphere is  enlightened  as  far  as  B and  b.  In 
confequepce  of  which  it  happens,  that  thofe 
parts  which  have  already  entered  into  the 
dark  hemifphere,  and  to  whom  therefore  the 
Sun  is  fet,  do  {fill  enjoy  a degree  of  light 
which  continues  as  long  as  any  of  the  en- 
lightened part  of  the  atmofphere  remains  in 
view.  This  light,  which  gradually  decays 
after  fun-fet,  or  increafes  before  fun-rife,  is 
called  the  twilight.  Let  AHDCdb  (fig. 
110.)  reprefent  a fedtion  of  the  earth  in  the 
plane  of  the  Sun’s  azimuth,  and  let  the  fpace 
contained  between  the  concentric  circles  re- 
prefent the  atmofphere  : then,  the  Sun’s  rays 
in  the  diredlions  SB,  sb,  will  illuminate  half 
the  globe  DCd,  and  the  atmofphere  will  be 
enlightened  as  far  as  B and  b on  each  fide 
within  the  darkhemifphere;  which  enlightened 
part,  fo  long  as  it  continues  above  the  horizon 
pf  anv  place,  will  caufe  a twilight  at  that 
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place.  The  ray  SDB  is  a tangent  to  the 
Earth  at  D,  and  meets  the  circumference  of 
the  atmofphere  at  B.  From  B draw  the  line 
BH,  a tangent  to  the  Earth  at  A,  which  con- 
tinue towards  N ; H N will  then  reprefent 
the  horizon,  in  which  the  extreme  point 
B of  the  enlightened  part  of  the  atmo- 
fphere will  be  fituated;  that  is,  twilight  will 
be  juft  beginning  or  ending  at  the  place  A. 
The  angle  SBN,  which  is  equal  to  the  angle 
AED,  will  be  the  angle  of  the  Sun’s  depref- 
fion  beneath  the  horizon  HN  ; and  the  angle 
AEB  is  the  half  of  AED.  Hence,  if  the  depref- 
fion  of  the  Sun  beneath  the  horizon,  and  the 
femidiameter  of  the  Earth  be  known,  it  will 
be  eafy  to  find  the  height  of  the  atmofphere. 
For,  in  the  right  angled  triangle  ABE, 

As  the  fine  complement  of 

half  the  Sun’s  depreflion  AEB  8°  30' 

Is  to  the  Earth’s  femidia- 

1 meter  - - AE  3437  miles. 

So  is  radius  - fine  90° 

To  the  hypothenufe  - EB  3475  miles. 
The  difference  between  which  and  the  femi- 
diameter of  the  Earth  is  the  line  HB  or  height 
of  the  atmofphere,  38  geographical,  or  44 
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English  miles.  The  angle  of  the  Sun’s  de- 
preflion  is  known  by  the  time  elapfed  between 
the  beginning  or  end  of  twilight,  and  the 
lihng  or  fetting  of  the  Sun;  and  it  is  judged 
to  be  twilight  lo  long  as  the  illumination  of 
the  atmofphere  prevents  the  fmaller  fixed 
Ears  from  appearing.  It  is  alio  obferved,  that 
the  evening  are  always  longer  than  the  morn- 
ing twilights,  which  mail  arife  from  the  rare- 
faction of  the  air  over  the  place,  after  the  day’s 
fun-fhine.  A fimilar  difference  is  obferved 
between  the  twilights  offummer  and  winter. 


C H A P'.  II. 

Of  the  ref  rati  he  Power  of  the  Air > and  of  its 
Rarefa£hon  and  Condenfation  by  Heat  and 
Cold. 

HPHAT  the  celeftial  fpace  or  heavens 
-t.  is  either  nearly  or  abfolutely  vacuous, 
appears  from  the  fmall  refiftance  the  pla- 
netary bodies  fuffer  in  their  motions  ; fuch 
refiftance,  if  it  obtain  at  all,  being  too  mi- 
nute to  be  obferved  by  any  of  the  methods 
yet  invented.  Eight  therefore,  when  inci- 
dent 
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dent  on  our  atmofphere,  paffes  from  a rarer 
to  a denfer  medium,  and  ought,  according 
to  the  principles  of  optics,  to  be  refracted  to- 
wards the  perpendicular.  And  this  is  accord- 
ingly the  cafe.  Let  the  circle  ABC  (fig. 
hi.)  reprefent  a fedtion  of  the  Earth,  and 
the  external  concentric  circle  the  furface  of 
the  atmofphere;  let  HN  be  the  fenfible  ho- 
rizon of  a place  A,  and  S the  Sun  beneath 
the  horizon  ; then  a ray  of  light  incident  on 
the  furface  of  the  atmofphere  at  I,  will,  in- 
ffead  of  proceeding  to  a,  # be  refradted  towards 
the  perpendicular  IE,  and  that  continually 
the  more  as  the  denfity  of  the  medium  be- 
comes greater,  fo  that  it  will  arrive  at  A 
after  palling  through  the  curve  IA;  and  a 
fpedtator  at  A will  behold  the  Sun  in  the  line 
of  the  laffc  direction  of  the  ray,  namely  in 
that  of  As,  the  tangent  to  the  curve.  The 
apparent  elevation  which  a celeffial  body  dif- 
fers when  its  rays  fall  with  the  greateff  obi i- 
quity,  to  wit,  when  it  is  feen  in  the  horizon, 
is  about  thirty-three  minutes  of  a degree  : at 
other  altitudes  the  differences  between  the 
true  and  apparent  places  are  lefs,  the  inci- 
dences and  refractions  being  lets  conliderable. 

Hence 
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Hence  it  comes  to  pafs,  that  we  fee  the  celef- 
tial  bodies  for  fome  time  after  they  are  fet, 
and  before  they  rife,  in  reality,  by  which 
means  we  enjoy  about  three  days  in  the  year 
more  day-light  than  otherwife  we  fbould : 
but  in  the  northern  parts,  where  the  fun  rifes 
and  fets  more  obliquely,  and  the  atmofphere 
being  condenfed  by  cold,  refradls  more  ftrong- 
ly,  the  difference  is  much  greater. 

The  refradlion,  as  well  as  all  the  other 
phenomena  produced  by  the  atmofphere,  are 
variable,  as  the  denfity  of  the  air  changes. 
This  variation  renders  the  obfervation  of 
low  altitudes  very  uncertain,  as  the  allow- 
ance for  refradtion  cannot  be  collected  with 
precifion  from  any  tables.  On  this  account 
alfo,  the  trigonometrical  admeafurement  of  the 

l 

heights  of  lofty  mountains  cannot  be  de- 
• pended  on  to  any  degree  of  correftnefs. 

It  has  been  occafionally  remarked,  that  the 
air  is  condenfable  by  cold ; but  cold,  as  far 
as  its  properties  are  yet  known,  appears  to  be 
no  more  than  the  ab  fence  or  privation  of  heat, 
therefore  the  expreffion  will  perhaps  be  more 
accurate,  if  we  fay  that  heat  rarefies  the  air, 

or  increafes  its  elafiicity,  and  as  a confe- 

quence 
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quence  or  converts  of  the  afiertion  fay,  that 
cold,  or  the  privation  of  heat,  luffers  it  tocon- 
denfe,  or  condenfes  it,  not  by  a pofitive 
adtion,  but  by  the  negation  of  the  adt  of 
rarefying.  But  thefe  diftindtions  in  expref- 
fion  are  of  no  great  importance,  provided  we 
do  not  pervert  the  fenfe,  and  take  words  for 
things,  as  is  too  often  the  cafe  in  philofophi- 
cal,  as  well  as  other  refearches.  The  increafed 
fpring  of  the  air  by  heat  is  proved  by  the 
following  experiment. 

Let  ADB  (fig.  1 1 2.)  reprefent  a hollow 
glafs  ball,  to  which  is  affixed  the  narrow  bent 
tube  ACGE.  The  lower  part  of  the  bent 
tube  and  part  of  the  ball  is  filled  with  mer- 
cury, as  in  the  figure,  thefurfaceAB  within 
the  ball  being  on  the  fame  horizontal  line 
with  the  furface  at  C in  the  tube.  The  parts 
of  the  mercury  will  then  be  in  equilibrio, 
the  external  furface  C being  prefied  by  the 
' weight  of  the  atmofphere,  and  the  internal 
fui  i ace  AB  being  prefled  by  the  fpring  of  the 
included  air,  which  is  equal  to  that  weight. 
But  if  the  ball  be  immerfed  in  boiling  water, 
| the  increafed  fpring  of  the  included  air  pref- 
I fing  on  the  furface  AB,  will  raife  the  mer- 
? 
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cury  from  C to  G,  and  there  fuflain  it, 
namely,  at  the  height  of  8 f inches,  when 
the  mercury  in  the  Torricellian  tube  ftandsat 
30  inches.  And  as  the  contained  air  is  not 
fenfibly  dilated  by  the  extrufion  of  fo  fmall 
a quantity  of  mercury,  the  fuflentation  may 
be  regarded  as  the  entire  effect  of  its  fpring. 
The  fpring  of  the  included  air  at  the  heat 
of  boiling  water  is  therefore  not  only  equal 
to  the  weight  of  the  atmofphere,  but  like- 
wife  to  an  additional  preflu  re  of  more  than 
ts  of  that  weight. 

By  the  fame  inftrument,  it  is  found,  that 

. » 

the  air  is  contracted  in  its  dimenflons  by  im- 
merflon  in  very  cold  or  freezing  mixtures. 
And  concluflons  flmilar  to  thefe  may  be  made 
by  various  methods,  which  the  attentive  learn- 
er  will  readily  difcover. 

In  the  foregoing  experiment  the  air  was 
prevented  from  expanding,  in  confequence  of 
its  increafed  fpring,  by  the  preflure  of  the 
mercury,  but  if  the  tube  AB  (fig.  1 1 3 .) 
which  is  clofed  at  B,  and  open  at  A,  a fmall 
quantity  of  mercury  C being  admitted,  which 
inclofes  the  air  between  C and  B,  be  immerfed 
in  boiling  water,  the  included -air  CB  is  found 

1 by 
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by  the  motion  of  the  mercury  at  C to  be 
expanded  in  the  proportion  of  3 to  2 beyond 
its  bulk  at  freezing  cold.  By  this  means  it 
is  found,  that  the  greateft  difference  of  the 
expanfions  of  the  air  in  fummer  heat,  and 
the  cold  of  the  air  when  water  is  beginning 
to  freeze,  is  as  thofe  of  the  numbers  7 and  6. 

t • r • 

In  thefe  experiments,  if  there  be  any  mois- 
ture in  the  included  air,  a much  greater  de- 
gree of  dilatation  follows  ; for  the  expanfion 
of  vapours  by  heat  is  much  more  confider- 
able  than  that  of  the  air  itfelf. 

It  will  be  eafy  from  the  above,  to  indicate 
the  caufes  of  many  phenomena  that  happen 
in  the  air.  For,  if  any  part  of  the  air  be 
heated,  it  will  expand,  and  in  confequence  of 
that  expanfion,  become  fpecifically  lighter 
than  before.  It  muff,  therefore,  by  the  laws 
of  hydroftatics,  afcend,  and  the  circumambient 
air  mud  prefs  in  on  all  fides  to  fupply  its 
place.  Hence  the  caufe  of  the  afcent  ‘of 
fmoke  in  a chimney.  The  air  which  paffes 
through  the  fire,  or  comes  within  a certain 
diftance  from  it,  is  rarefied,  and  afcends, 
giving  place  to  the  cold  air  which  prefies  in  : 
this  in  its  turn  becomes  rarefied,  and  the 
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afcending  current  of  air  continues  as  long 
as  the  fire  is  kept  up,  the  wind  drawing 
from  all  parts  towards  the  chimney,  as  ex- 
perience teftifies. 

If  the  fire  were  in  the  open  air,  the 

heated  air  would  ftill  afcend  in  a current, 

* 

and  the  cooler  air  prefs  in  on  all  fides ; that  is 
to  fay,  a wind  would  be  generated,  which 
would  conftantly  blow  towards  the  fire.  The 
quantity  of  air,  which  is  rarefied  by  any  fire 
we  can  make,  is  fo  fmall,  that  the  wind  pro- 
duced by  that  means  is  too  inconfiderable 
to  be  perceived  at  any  great  diftance  from 
the  fire ; but  the  rarefactions  which  arife 
from  natural  caufes  are  fufficient  to  produce 
all  the  winds  with  which  the  atmofphere  is 
agitated. 
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CHAP.  III. 

> ' 

» * 

Of  Winds,  and  their  Caufes , 

BEFORE  we  proceed  to  defcribe  and 
account  for  the  winds  which  are  ob- 
ferved  in  the  atmofphere,  it  will  be  necelfary 
to  premife,  that  the  fenfible  horizon  is  not 
only  divided  into  360  degrees,  like  other  great 
circles,  but  alfo  into  32  equal  parts,  which 
are  called  points  of  the  compafs,  which  points 
are  again  fubdivided  into  halves  and  quarters. 
The  points  of  the  compafs  have  each  a fe- 
parate  name.  Thofe  points  in  which  the 
meridian  interfedts  the  horizon,  are  term- 
ed North  and  South ; and  two  other  points, 
at  the  diftance  of  90°  from  the  North  and  South, 
are  termed  Eaft  and  Weft  : thefe  four  are  de- 
nominated cardinal  points.  The  intermediate 
points  take  their  names  from  the  cardinal 
points  between  which  they  are  fituated  as  in 
the  figure,  where  the  initial  letters  N.S.  E.  W. 

(fig.  1 17.)  ftand  for  the  words  North,  South, 
Eaft,  Weft. 


A wind 
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- A wmci  1S  named  from  the  point  of  the 
compafs  from  which  it  blows. 

The  different  winds  may,  with  refpeft 

to  their  direftion,  be  reduced  into  three 

claffes ; viz.  general,  periodical,  and  variable 
winds. 

General  winds  are  thofe  which  blow  al- 
ways nearly  in  the  fame  direftion.  In  the 
open  feas,  that  is,  in  the  Atlantic  and  Pacific 
Oceans,  under  the  equator,  the  wind  is  found 
to  blow  almoft  conftantly  from  the  eaftward  ; 
this  wind  prevails  on  both  fides  of  the  equator 
tothe  latitude  of  2S°.  To  the  northward  of  the 
equator,  the  wind  is  between  the  North  and 
Eall,  and  the  more  northerly  the  nearer  the 
northern  limit;  to  the  fouthward  of  the  equa- 
tor, the  wind  is  between  the  South  and  Eaff, 

and  the  more  foutherly,  the  nearer  the 
fouthern  limit. 

\ 

x>~t\veen  the  parallels  of  28  and  40  fouth 
latitude,  in  that  trad!  which  extends  from 
3°  Weft  to  ioo°  Eaft  longitude  from  the  me- 
lidian  oi  London,  the  wind  is  variable,  but 
by  far  the  greater  part  between  the  N.  W. 
and  S.  W.  fo  that  the  outward  bound  Ead 
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India  ihips  generally  run  down  their  easing 
on  the  parallel  of  36°  fouth. 

Beyond  the  northern  limit  of  the  general 
wind  in  the  Atlantic  Ocean,  the  westerly 
winds  prevail,  but  not  with  any  certainty  of 
continuance. 

Near  the  weftern  coaft  of  Africa,  within 
the  limits  ol  the  general  wind,  the  winds  are 
found  to  be  deflected  towards  the  fhore  , in- 
fomuch  that  they  are  found  to  blow  from  the 
N.  W,  and  S.  W.  quarters  for  the  mod;  part, 
inftead  of  the  N.  E.  and  S.  E.  as  is  the  cafe 
farther  out  at  fea. 

The  general  winds  are  ufually  called  trade- 
winds. 

In  the  Atlantic  Ocean,  the  S.  E.  trade- 
wind  extends  as  far  as  30  north,  and  the  N.  E. 
trade-wind  ceafes  at  the  5th  degree  N.  In 
the  intermediate  fpace  are  found  calms  with 
rain  and  irregular  uncertain  fqualls,  attended 
with  thunder  and  lightning.  But  this  fpace 
is  removed  fomewhat  farther  to  the  north- 
ward or  fouthward,  according  as  the  Sun’s 
declination  is  more  northerly  or  foutherly. 

Periodical  winds  are  thofe  which  blow  in 
a certain  dire&ion  for  a time,  and  at  dated 
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feafons  do  change  and  blow  for  an  equal 
fpace  of  time  from  the  oppofite  point  of  the 
compafs.  Thefe  may  be  divided  into  two 
claffes ; viz.  monfoons,  or  winds  that  change 
annually  ; and  land  and  fea  breezes,  or  winds 

that  change  diurnally. 

While  the  Sun  is  to  the  northward  of  the 
equinoctial,  that  is  to  fay,  in  the  months  of 
April,  May,  June,  July,  Auguft,  and  Sep- 
tember, the  wind  blows  from  the  fouthward 
over  the  whole  extent  of  the  Indian  Ocean ; 
namely,  between  the  parallels  of  28°  N.  and 
28°  S.  latitude,  and  between  the  eaftern  coaft  of 
Africa,  and  the  meridian  which  paffes  through 
the  weftern  part  of  Japan.  In  the  fea  be- 
tween Madagafcar  and  New  Holland,  the 
S.  E.  wind  prevails  as  far  as  the  equator, 
where  it  deficits  and  blows  into  the  Arabian 
Gulf  and  Bay  of  Bengal  from  the  S.  W. 
Between  Madagafcar  and  the  main  land  of 
Africa,  aS.  S.  W.  wind  obtains  and  coincides 
with  the  S.  W.  winds  in  the  Arabian  Gulf. 
To  the  northward  of  New  Holland,  the  S.  E. 
wind  is  predominant,  but  varies  very  much 
arnon^  the  iflands ; and  between  the  peninlula 

& 1 n 

of  Malacca  and  the  Ifland  of  Japan,  a S.S. 

W.  wind 
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W.  wind  prevails.  All  this  is  to  be  under- 
flood  for  the  aforementioned  months. 

But  in  the  other  months,  O&ober,  No- 
vember, December,  January,  February,  and 
March,  a remarkable  alteration  takes  place. 
1 In  the  fea  between  Madagafcar  and  New 
1 Holland,  the  S.  E.  wind  extends  no  farther 

] to  the  northward  than  about  the  ioth  de- 
1 * 

gree  of  fouth  latitude,  the  other  io  degrees 
J being  occupied  by  a wind  from  the  oppolite 
j point  of  the  compafs,  or  N.  W.  at  the  fame 
I time  that  the  winds  in  all  the  northern  parts 
l of  the  Indian  Ocean  fhift  round,  and  blow 
| diredtly  contrary  to  the  courfe  they  held  in 
I the  former  fix  months.  Thefe  winds  are 
e)  called  monfoons,  or  fhifting  trade-winds. 

Thefe  changes  are  notduddenly  made.  Some 
4 days  before  and  after  the  change,  there  are 
• I calms,  variable  winds,  and  dreadful  dorms, 
■ M attended  with  thunder,  lightning,  and  rain. 


i. 
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On  the  greater  part  of  the  coads  of 
lands  fituated  between  the  tropics,  the  wind 
blows  towards  the  fhore  in  the  day-time, 
and  towards  the  fea  in  the  night.  Thefe 
periodical  winds  are  termed  the  land  and  fea 
breezes,  and  are  much  affe&ed,  both  in  their 
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direction  and  return  by  the  courfes  of  rivers, 
tides,  &c. 

Variable  winds  are  tbofe  which  are  fub- 
je&ed  to  no  period,  either  in  duration  or 
return,  and  are  too  well  known  to  need 
defcription. 

In  our  attempts  to  explain  thofe  appear- 
ances, it  will  be  neceftary  to  confider  what 
may  be  the  caufes  of  wind  in  general,  and 
afterwards,  as  far  as  obfervation  enables  us, 
to  apply  the  refult  to  the  folution  of  parti- 
cular cafes. 

If  the  air  were  uniformly  of  the  fame  den- 
fity  at  the  fame  height,  and  the  lighter  parts 
always  repofed  upon  the  heavier,  it  is  evident 
that,  the  lateral  prefliire  being  equal  in  every 
horizontal  direction,  it  would  remain  at  reft.. 
But,  on  the  contrary,  if  any  portion  or  part  of 
the  air  were  heavier  than  the  reft,  it  would  de- 
fcend,  or  if  lighter,  afcend,  till  the  equilibrium 
was  reftored ; and,  in  the  firft  cafe,  the  air 
difplaced  would  occalion  a wind,  diverging  as 
it  were  from  a central  fpace,  and  in  the  latter, 
the  air  rufhimr  in,  would  occafion  an  ap- 
pearance  quite  contrary,  namely,  a wind  con- 
verging to  a central  fpace.  Hence  it  appears, 

that 
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that  any  agent  that  alters  the  denfity  of  a 
part  of  the  air,  will  produce  a wind. 

Experience  has  fhewn  no  more  than  two 
methods  by  which  the  denfity  of  the  air  may 
be  altered,  namely,  the  application  of  com- 
preffion,  or  of  heat.  The  compreffion  which 
the  air  fuffers  in  the  natural  courfe  of  things, 
is  at  all  times  nearly  uniform  and  the  fame, 
and  confequently  can  produce  no  motion  in 
the  atmofphere.  It  remains,  therefore,  to  be 
confidered,  in  what  manner  the  air  is  affe&ed 
by  the  heat  which  it  fuffers  at  different  times 
and  feafons. 

If  the  Earth  did  not  revolve  on  its  axis, 
it  is  plain,  that  the  Sun,  being  flationary 
over  one  particular  fpot,  would  rarefy  the 
air  at  that  fpot : it  would  confequently  af- 
cend  by  the  preffure  of  the  circumambient 
and  lefs  rarefied  air,  till  it  arrived  at  a region 
in  which  the  air  was  fufficiently  rare  to  fuffer 
it  to  expand  on  all  fides  : and  thus  there 
would  be  produced  a converging  wind  near 
; the  furface  of  the  Earth,  and  a contrary  or 
divergent  wind  in  the  upper  region  of  the 
air.  But  fince  the  Earth  does  revolve  on  its 
axis,  and  the  Sun  therefore  is  not  flationary, 

F 3 it 


70  Caufc  of 

it  follows,  that  the  place  at  which  the  air 
is  mod  rarefied  will  be  found  fucceftively  in 
every  point  of  the  parallel  over  which  the 
Sun  moves  in  the  courfe  of  a day.  And 
as  this  place  continually  moves  to  the 
weftward,  the  lower  air  muff  as  conftantly 
follow  it.  Hence  we  have  the  origin  of  the 
general  N.  E.  and  S.  E.  trade  winds,  which 
no  doubt  would  extend  over  the  whole  of 
the  fpace  between  the  tropics,  were  it  not 
for  the  different  temperatures  of  the  conti- 
nents and  iflands  over  which  the  Sun  paffes. 

s 

For  the  furface  of  earth  is  more  heated  than 
that  of  the  fea,  by  reafon  that  the  trans- 
parency of  the  water  permits  many  of  the 
rays  of  light  to  pafs  to  its  interior  parts 
before  they  are  ftifled  and  loft.  The  air 
therefore,  which  is  contiguous  to  the  land, 
being  more  heated  than  that  which  refts 
upon  the  fea,  will  prevent  the  regulari- 
ty of  the  effedt.  Thus,  near  the  weftern 
coafts  of  Africa  and  America,  the  winds  blow 
from  the  weftward,  to  fupply  the  conftant 
rarefadion  which  thofe  heated  lands  pro- 
duce. 


The 
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The  general  N.  E.  and  S.  E.  trade-winds, 
producing  in  the  upper  region  of  the  air 
winds  in  the.  contrary  diredtions,  feem  to  be 
the  caufe  of  the  welder ly  winds  which  are 
obferved  to  prevail  between  the  latitudes  of 
28’  and  40’. 

In  accounting  for  the  monfoons,  or  peri- 
odical trade-winds,  it  is  neceflary  to  mark 
the  peculiar  circumftances  which  obtain  111 
the  Indian  Ocean,  and  which  are  not  found 
in  the  Atlantic  or  Pacific  Oceans.  They  feem 
to  be  thefe.  That  the  ocean  is  bounded  to 
the  northward  by  fhores,  whofe  latitude  does 
not  exceed  the  limits  of  the  geneial  trade- 
wind,  and  that  the  general  trade-wind  falls 
on  lee-fhores  to  the  weftward. 

The  Sun  being  twice  in  the  year  vertical 
in  the  equator,  and  never  departing  more 
than  23 1°  Eom  thence,  caufes  the  air  in 
that  climate  to  be  hotter  than  at  any  other 
place  on  the  ocean  j and  is  the  occafion  of  the 
trade-wind,  as  has  already  been  fhewn.  Such 
a rarefied  fpace  muft  extend  acrofs  tiie  Indian 
Ocean,  and  produce  a S.  wind  to  the  fouth- 
v/ard,  and  a N.  E.  wind  to  the  northward 
of  the  equator,  over  which,  in  the  upper 

F 4 regions 
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regions  of  the  air,  the  winds  return  in  the 
contrary  directions.  This  we  accordingly 
fee  happens  ip  the  months  of  Odtober,  No- 
vemoer,  December,  January,  February,  and 
March.  But  when  the  Sun  declines  to  the 
noithwaid,  and  heats  the  lands  there  fituate, 
tne  air  contiguous  to  thofe  lands  becomes 
rarefied,  and  the  lower  air  has  a tendency  to 
move  that  way.  This  tendency  mcreafes  as 
the  oun  advances  farther  North,  infomuch 
that  the  whole  body  of  the  lower  air  to  the 
northward  of  the  equator  moves  thither,  not- 
withftanding  the  equatorial  rarefadtion,  which 
muff  be  fupplied  by  the  upper  or  returning 
current.  So,  that  the  body  of  the  lower  air 
in  the  northern  part  of  the  Indian  Ocean  is 
determined  as  to  its  courfe  by  the  greater  ra- 
refaction : if  the  rarefaction  at  the  furface  of 
the  land  be  greater  than  that  at  the  equator, 
the  wind  blows  to  the  North,  and  the  con- 
trary happens  when  the  equatorial  rarefation 
is  greateft.  When  the  northerly  trade-wind 
prevails,  it  blows  out  of  the  Arabian  Gulf 
llPon  ^ie  coafls  of  Arabia,  Aynan  and  Zan- 
guebar,  and  is  refledted  into  the  ftraits  of 
Mofambique.  And  at  the  other  feafon,  the 

general 
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■reneral  foutherly  wind  feems  to  be  refleded 

o _ 

to  the  weftward  by  the  fame  caule. 

Thefe,  or  fome  fuch  like,  are  probably 
the  caufes  of  the  winds  which  prevail  in  the 
Indian  feas.  But  the  obfervations  we  are  in 
poffeffion  of  are  too  few  and  too  inaccurate 
for  the  purpofe  of  forming  a theory.  I o 
which  may  be  added,  that  all  the  atmofphe- 
rical  appearances  feem  to  depend  on  fo  many, 
till  of  late  unregarded  caufes,  particularly  the 
operation  of  eledricity,  that  to  inveftigate 
them  more  minutely  would  require  a fe- 
parate  volume. 

After  what  has  been  faid,  it  will  not  be 
difficult  to  account  for  the  land  and  fea  breezes* 
For  the  land  being  heated  in  the  day-time, 
the  wind  blows  in  fhore  to  fupply  the  place 
of  the  afcendent  rarefied  air : and  in  the 

night  the  land  cools,  and  condenfes  the  air, 
occafioning  the  land  breeze. 

The  circum fiances  on  which  the  variable 
winds  depend,  are  referable  to  thofe  already 
noticed,  but  a<ff  fo  differently  in  particular 
cafes,  that  our  limits  do  not  admit  of  an 
attempt  to  reduce  them  to  rule. 


When 
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When  feveral  winds  converge  fwiftly  ta 
one  point,  the  air  afcends  with  great  rapidity, 
and  acquires  a whirling  motion,  like  that  of 
water  defcending  in  a funnel.  And  as  the 
centrifugal  force  in  this  whirling  motion  of 
the  water  is  often  fufficient  to  counterpoife  the 
lateral  preffure,  and  to  prevent  its  approach- 
ing the  central  part,  it  frequently  happens, 
that  a perforation  is  feen  quite  through  the 
body  of  the  fluid.  In  like  manner,  the  cen- 
trifugal force  of  the  air  may  become  equal  to 
the  preflure  of  the  atmofphere,  and  confe- 
quently  leave  a void  fpace  about  the  center 

of  the  motion.  This  phenomenon  is  called 

. 

a whirlwind,  and  fometimes  produces  fatal 
effects.  For,  partly  by  the  expanflon  of  the 
air  included  in  houfes  or  other  buildings, 
and  partly  by  the  violence  of  the  afcending 
current,  it  happens,  that  bodies  near  the 
center  of  the  whirl  are  blown  up  into  the 
vacuum,  or  carried  aloft  with  great  impe- 
tuofity  in  a fpiral  motion. 

If  one  of  thefe  whirlwinds  happen  at  fen, 
the  preffure  of  the  atmofphere  being  taken 
off  that  part  of  the  furface  over  which  the  va- 


cuum 
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cuum  is  formed,  the  water,  on  the  principle 
of  the  Torricellian  tube,  will  rife  to  the  height 
of  thirty-two  or  thirty-three  feet  before  it 
will  be  in  equilibrio  with  the  external  pref- 
fure.  The  afcending  warm  air  being  moft 
probably  charged  with  vapours,  will  fuffer 
them  to  be  condenfed  as  it  arrives  in  a colder 
region,  and  thus  the  courfe  of  the  current 
will  be  marked  by  the  denfe  and  opake  vapor, 
and  by  the  continual  afcent  a cloud  will  be 
formed  above.  Thefe  are  the  phenomena  of 
water-fpouts.  At  firft  a violent  circular  mo- 
tion of  the  fea  is  obferved  for  a fpace  fome- 
times  of  twenty  feet  diameter ; after  which 
the  fea  rifes  by  degrees  into  a folid  tapering 
column  of  about  thirty  feet  in  height,  at  the 
fame  time  that  a cloud  appears,  from  which  a 
dark  line  or  column  defcends.  This  column 
is  met  by  another,  which  afcends  fomewhat 
like  fmoke  in  a chimney,  from  the  lower  or 
folid  part  of  the  fpout.  After  this  junction 
the  cloud  continually  increafes  till  the  whirl 
ceafes,  and  the  appearance  terminates. 

But  though  water-fpouts  undoubtedly  de- 
pend in  a great  meafure  on  the  convergence 
and  circular  motion  of  winds ; yet,  as  we 

have 
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have  already  had  occalion  to  remark  concern- 
ing the  trade-winds,  it  is  probable  that  other 
unheeded  caufes  concur  in  producing  the  ap- 
pearance. 


CHAP.  IV. 

Of  Sound } and  of  Mufic. 


IN  fpeaking  of  the  refinances  which  bodies 
Suffer  when  moving  in  fluids,  we  obferved 
that  obtufe  bodies  moving  in  elaftic  fluids 
condenfe  that  part  towards  which  they  move 
at  the  fame  time  that  the  part  from  which 
they  recede  is  rarefied.  This  condenfation. 
or  rarefaction  muff  produce  an  undulatory  or 
vibrating  motion  in  the  fluid.  Thus,  if  a 
body  by  percufilon  or  otherwife  be  put  into 
a tremulous  motion,  every  vibration  of  the 
body  will  excite  a wave  in  the  air,  which 
will  proceed  every  way  in  a circular  motion, 
and  the  quicker  the  vibrations  of  the  body 
fucceed  each  other,  the  lefs  will  be  the  dis- 
tance between  each  fuccefiive  wave.  It  is 
alfo  * demonftrated,  that  the  velocity  with 

* Princip.  47.  1.  2. 
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which  a wave  moves  from  the  tremulous 
body  in  an  elaflic  fluid,  whofe  denfity  is  in 
proportion  to  its  compreffion,  is  uniform  and 
the  fame,  whether  the  interval  between  the 
waves  in  fucceffion  be  lefs  or  greater. 

The  fenfation  which  is  excited  in  the  mind 
by  means  of  thefe  waves  which  enter  the  ear, 
and  produce  a like  motion  in  a thin  membrane, 
that  is  flretched  obliquely  acrofs  the  auditory 
paffage,  is  called  found.  But  in  vulgar  lan- 
guage the  term  is  ufed  to  imply  not  only  the 
fenfation  excited  in  the  mind,  but  likewife 
the  affedtion  of  the  air,  or  of  the  fonorous 
body  by  which  that  fenfation  is  produced. 
Thus,  we  fay,  that  a found  is  in  the  air,  or 
that  a body  founds  when  flruck,  though  the 
affedlion  of  the  air  or  body  is  very  different 
from  the  fenfation.  We  have  feveral  times 
had  occafion,  in  defining  the  phiiofophical 
ufes  of  terms,  to  obferve  the  imperfedtions  of 
common  fpeech.  Precifion  and  accuracy  ren- 
der it  neceffary.  When,  therefore,  we  fay, 
a body  founds,  it  muft  be  underflood  that 
the  body  or  its  parts  vibrate  fo  as  to  occafion 
waves  in  the  air ; when  we  fay  a found  flies 
or  palfes  in  the  air,  it  mufl  be  underflood  that 

a fyflem 
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a fyftem  of  waves,  produced  by  a like  number 
of  vibrations  in  a fonorous  body,  proceed  every 
way  in  circles  from  that  body ; and  when  we 
fpeak  of  found  abftradtedly,  we  muft  be  under- 
flood to  mean,  that  thele  two  ads  taking 
place  do,  by  means  of  the  ear,  occalion  an  idea 
or  fenfation  in  the  mind. 

That  fonorous  bodies  do  move  or  tremble, 
fcarce  needs  any  illuftration  : it  is  evident  in 
drums,  bells,  and  the  like,  whofe  vibrations 
being  large  and  flr.ong,  are  therefore  more 
perceptible  : and  that  a fimilar  vibration  is 
excited  in  the  air,  is  plain  from  the  motions 
produced  in  bodies  that  are  adapted  to  vibrate 
in  coincidence  with  the  fonorous  body. 

Since  the  waves,  in  all  cafes,  move  with 
an  uniform  and  equal  velocity,  it  follows  that 
all  founds,  loud  or  low,  acute  or  grave,  mull 
arrive  at  the  ear  in  equal  times  from  fonorous 
bodies  equally  diflant.  This  is  confirmed  by 
experience  ; for  all  founds  are  found  to  move 
1142  Englifh  feet  in  a fecond  of  time.  The 
knowledge  of  the  velocity  of  found  is  of  good 
ufe  for  determining  diflances  of  fhips,  or  other 
objedts : for  inflance,  fuppofe  a Ihip  fires  a 
gun,  the  found  of  which  is  heard  5 feconds 

after 
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after  the  flafh  is  feen;  then,  1 142  multiplied 
fey  5,  gives  the  diftance,  5710  feet,  or  1 Eng- 
liih  mile  and  430  feet. 

When  the  waves  meet  with  an  obftacle  which 
is  hard  and  of  a regular  furface,  they  are  refled- 
ed,  and  confecjuently  an  ear  placed  in  the  couife 
of  thefe  reflected  waves  will  perceive  a found 
fimilar  to  the  original  found,  but  which  will 
feem  to  proceed  from  a fonorous  body,  fltuated 
In  like  pofition  and  diftance  behind  the  piane 
of  reftedion  as  the  real  fonorous  body  is  before 
it.  This  refleded  found  is  called  an  echo. 

The  waves  of  found  being  reftexible  nearly 
the  fame  in  effed  as  the  rays  of  light,  maybe 
defleded  or  magnified  by  much  the  fame  con- 
trivances as  are  ufed  in  optics,  though  the 
continual  decreafe  in  the  force  of  the  waves 
as  they  expand,  by  which  found  conftantly 
decays  as  the  diftance  from  the  fonorous  body 
increafes,  makes  a confiderable  difference  in  the 
phenomena.  From  this  property  of  refiedion 
it  happens,  that  founds  uttered  in  one  focus 
of  an  elliptical  cavity  are  heard  much  magni- 
fied in  the  other  focus : inftances  of  which  are 
found  in  feveral  domes  and  vaults,  particu- 
larly the  whifpering  gallery,  which  runs 
3 round 
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round  the  lower  part  of  the  circular  dome  at 
St.  Paul’s  Cathedral  in  London,  where  a whif- 
per  uttered  at  one  fide  is  reflected  to  the 
other,  and  may  be  very  diftindtly  heard.  On 
this  principle  alfo  is  conflrudted  the  fpeaking 
trumpet,  wvhich  either  is  or  ought  to  be  a 
hollow  parabolic  conoid,  having  a perforation 
at  the  vertex,  to  which  the  mouth  is  to  be 
applied  in  fpeaking,  or  the  ear  in  hearing. 

Befides  the  advantages  we  enjoy  from  the 
exigence  of  found,  in  advertifing  us  of  danger, 
and  the  like,  from  without,  when  the  fenfe  of 
feeing  ceafes  to  be  ufeful,  and  in  conveying 
our  thoughts  to  each  other  by  means  of  the 
aflfociation  which  we  form  between  words  and 
ideas,  there  is  another  benefit  which  arifes 
from  the  pleafure  we  receive,  from  that  coni' 
bination  of  found  which  is  known  under  the 
name  of  mufic.  This  pleafure  is  fo  great, 
that  in  all  nations  and  ages  mufic  has  formed 
the  chief  part  of  the  idea  of  that  blifs  which 
awaits  the  virtuous  in  a future  hate.  To 
thofe  who  feel  themfelves  enlivened  at  the 
jocund  ftrain,  or  whofe  hearts  overflow  at 
the  plaintive  and  melancholy  note,  no  proof 

will  be  neceffary  to  fliew  that  this  delightful 
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fcience  can  command  the  affections : and  if 
there  be  any  fuch  as  are  callous  to  the  im- 
preffions  of  this  nobleft  lource  of  pleafure,  the 
attempt  would  be  vain,  for  no  words  can 
convey  an  adequate  notion  of  its  efteCts. 

In  the  fpring  feafon  of  the  year,  when  the 
whole  face  of  Nature  puts  on  the  appearance 
of  renewed  life  and  vigour ; the  birds  begin  to 
tune  their  irregular  melody.  The  mind  of 
man  naturally  expands  with  delight  at  the 
pleafing  fcenes  about  him,  of  which  the  ani- 
mated part  attrads  the  moft  attention.  For 
this  reafon  he  afcribes  that  pleafure  to  the 
rnufic  of  the  feathered  race  alone,  which  in 
reality  is  the  effeCt  of  the  whole  fcene.  With 
equal  propriety  he  might  afcribe  it  to  the 
whittling  plowman,  the  lowing  ox,  or  the 
bleating  lamb.  Images  that  contributed  per- 
haps at  leaf:  an  equal  (hare  to  his  pleafure. 
Hence  probably  originated  the  notion,  that 
the  invention  of  mufic  arofe  from  an  imi- 
tation of  the  birds,  though  the  vaft  fiperio- 
i rity  of  the  human  mufic  is  fufficient  to  over- 
id  throw  fuch  apofition.  The  birds  are  mufical 
J by  nature,  and  man  is  much  more  fo  by  the 
Vol.  II.  G fame 
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fame  caufe.  To  refolve  the  effedt  of  an  evi-* 
dent  natural  endowment  into  imitation,  mull 
therefore  arife  from  a delire  of  fydematizing, 
rather  than  a wifh  to  develope  the  truth.  As 
the  earlied  language  mud  have  been  fimple 
and  unartificial,  and  refined  by  degrees,  fo 
the  earlied  mufic  mull  have  been  rude  and 
incorredt,  confiding  rather  of  a wild,  though 
pleafyig,  melody,  than  bearing  any  great 
refemblance  to  the  compofitions  of  modern 
times,  which  have  all  the  advantage  of  fubfe- 
quent  obfervation  and  improvement.  But  as 
thefe  fpeculations  do  not  fo  immediately  tend 
to  our  prefent  purpofe,  we  will  advert  to 
thofe  circumdances  of  found  in  which  mufic 
confids. 

If  a body  be  druck,  and  the  vibrations  ex- 
cited be  ifochronous  and  fimple,  the  undula- 
tions produced  in  the  air  mud  be  fo  likewife, 
whence  there  will  be  produced  a fimple  and 
uniformly  fimilar  found,  except  as  to  loudnefs 
or  intenfity;  for,  as  the  vibrations  grow  lefs 
drong,  the  found  decays ; but  if  the  vibrations 
excited  be  various  and  difiimilar,  a like  vari- 
ety of  didimilar  undulations  will  be  produced 

in 
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in  the  air ; and  the  found  muft  be  harih,  as 
if  feveral  founds  were  heard  together.  The 
fir  ft  of  thefe  founds  is  a mufical  tone,  and 
the  latter  a noife. . 

This  is  evident,  becaufe  we  find  that  thofe 
bodies  which  are  the  moll  uniform  in  their 
texture,  and  by  confequence  bed  adapted  to 
vibrate  fimply  and  ifochronally,  do  produce 
the  mod  mufical  tones  \ as  for  example, 
niafles  of  elaftic  metal,  brafs,  caft-iron,  and 
the  like.  And  this  tone  is  more  ftri&ly  mu- 
fical if  the  metal  be  fo  formed  as  to  vibrate 
in  the  fimpleit  manner  pofiible.  Thus,  a 
hollow  metallic  vefiel  or  bell,  if  it  be  well 
formed,  and  not  damaged  in  the  tuning,  will 
give  but  one  uniform  mufical  tone,  or  at  leaft 
the  tones  produced  will  confift  of  one  predo- 
minant or  principal  one,  and  feveral  others 
which  have  a perfedt  mufical  agreeme’nt  with 
it : a wire  of  an  uniform  thicknefs,  ftretched 
over  two  hard  bridges  or  fulcrums,  will  pro- 
duce the  fame  effect.  Brevity  obliges  us  to 
pafs  over  the  various  means  by  which  mufical 
tones  may  be  obtained,  and  to  attend  only 
to  thofe  which  are  produced  by  firings  or 
wires,  as  being  the  moft  fimple. 

G 2 Expe- 
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Experience  and  reafon  have  cflabliflied  the 
following  portions  refpeding  the  vibrations 
of  chords  or  firings. 

The  forces  or  weights  which  are  neceffary 
to  draw  an  extended  chord  AB  (fig.  1 14.)  out 
of  its  place  to  the  diflances  Ce,  Cf,  Cg,  are  di- 
redly  proportional  to  thofe  diflances,  pro- 
vided the  chord  be  not  too  much  drawn  afide. 

Therefore,  fince  the  forces  with  which  the 
chord  returns  to  its  firft  fituation,  when  fet  at 
liberty,  are  always  in  proportion  to  the  fpace 
it  has  to  pafs  through,  the  vibrations  mull 
all  be  performed  in  equal  times. 

If  chords  differ  only  in  thicknefs,  the 
times  of  their  vibrations  will  be  diredly  as 
their  diameters. 

If  chords  differ  only  in  tenfion,  the  times 
of  their  vibrations  will  be  inverfely  as  the 
lquare  roots  of  the  weights  by  which  they  are 
flretched. 

If  chords  differ  only  in  length,  the  times 
of  their  vibrations  will  be  diredly  as  their 
lengths. 

That  tone  which  is  produced  by  a firing 
that  vibrates  quickly  is  termed  acute  or  fharp^ 
when  compared  with  the  tone  of  a firing  that 
► e:;:;  3 & •'  vibrates 
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vibrates  flower  ; and  the  tone  produced  by  the 
latter  is  called  grave  or  flat,  when  compared 
with  that  of  the  former. 

If  two  chords  be  ftruck,  either  at  the  lame 
inftant  or  in  immediate  fucceflion,  the  coin- 
cidence  of  found  is  pleaflng  or  difpleafing  ac- 
cording as  the  two  tones  produced  Hand 
related  to  each  other  in  gravity  or  acutenefs : 
if  they  be  fo  related  as  to  afford  pleafure,  the 
coincidence  is  called  a concord,  but  if  not,  it 
is  termed  a difcord. 

A fet  of  tones  which  follow  each  other, 
and  afford  pleafure,  is  called  melody;  a fef 
of  cotemporary  tones,  which  afford  pleafure, 
is  called  harmony. 

The  more  frequently  the  vibrations  of  two 
chords  do  coincide  with  each  other  the  per- 
fedter  the  concord  will  be ; thus,  two  equal 
firings,  equally  ftretched,  will  each  give  the 
fame  tone;  the  vibrations  of  the  one  will 
coincide  with  thofe  of  the  other,  and  the  con- 
cord  will  be  mofl  perfedl : again,  two  firings, 
i which  differ  only  in  length,  the  one  being 
half  the  length  of  the  other,  will  vibrate  the 
one  twice  while  the  other  vibrates  once,  the 

i _ 

coincidence  will  be  at  every  fecond  vibration 
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of  the  fhorter  firing,  and  a concord  will  be 
produced,  but  lefs  perfect ; if  the  firings 
be  in  length  as  2 to  3,  the  coincidence  will 
be  lefs  frequent,  namely  at  the  third  vibra- 
tion of  the  fhorter  firing,  and  the  concord 
will  be  flill  lefs  perfect:  and  fo  forth. 

On  this  principle,  and  by  the  help  of  the 
foregoing  ratios,  are  conflruded  all  flringed 
inflruments ; that  feries  of  mufical  tones  be- 
ing feleded,  which  experience  has  fliewn  to 
be  belt  adapted  for  the  purpofes  of  melody 
and  harmony.  The  feries  is  called  the  dia- 
tonic fcale,  and  its  properties,  together  with 
the  names  of  the  tones,  may  be  feen  in  the 
following  fcheme : 

Names.  Lengths.  Perfection. 

^da^nental  h 1 I ? 1 Moll  perfed  concord. 

Second  - - 10  : 9 Difcord. 

Third  greater  5 : 4 Imperfed  concord. 
Fourth  - -4:3  Imperfed  concord. 

Fifth  - - 3 : 2 Perfed  concord. 

Sixth  greater  5 : 3 Imperfed  concord. 
Seventh  greater  15:8  Difcord. 

Odave  - -2:1  Perfed  concord. 

The  above  is  called  the  fharp  feries,  iq 
contradiflindion  to  the  flat  feries,  or  fcale  iq 

which 
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which  the  third,  f«th,  and  feventh  are  left  or 
flat,  being  in  the  ratios  of  6 : 5,  8 : 5 and  9 - 5 , 
befides  which,  in  pradlice  there  are  other  in- 
termediate tones  ufed  as  the  fecond  leffer  and 
fourth  greater,  which  are  in  length  as  16  : 1 
and  7:5;  all  thefe  are  found  in  the  conftruc- 
tion  of  inftruments ; that  by  their  means  the 
performer  may  place  his  fundamental,  01  Prm 
cipal  note,  on  any  of  the  tones  at  plealure,  an 
, ufe  the  other  tones  which  ftand  in  the  above 
relations  to  it ; they  being  fufficiently  near 
for  praftice,  though  not  fo  perfedly  accurate 
I as  in  that  feries  for  which  the  inftrument  is 
formed. 

The  notation  of  mufic,  and  the  relations 
which  the  different  fcales  bear  to  each  other,  to- 
gether  with  the  reft  of  the  particulars  on  which 
the  rules  for  compofition  and  accompanyment 
A depend,  require  too  copious  an  explanation  to 
id  be  admitted  in  this  place  : we  therefoie  dif- 
n mifs  the  fubjeft,  and  proceed  to  give  an  account 
j of  the  inftruments  whofe  conftru&ion  depends 
f.  on  the  fpring  or  weight  of  the  air. 
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Defcription  cf  various  Infruments , 

E feels  depend  on  the  Properties  of  the  Air* 


THE  mercury  in  the  Torricellian  tube 
(lands  at  the  height  of  about  thirty 
inches,  by  means  of  the  preffure  of  the  air, 
as  has  already  been  obferved  : vve  have  alfo 
feen,  in  confidering  the  phenomena  of  winds, 
that  this  preffure  is  not  every  where  alike, 
nor  always  the  fame  at  any  particular  place. 
In  confequence  of  which  it  happens,  that  the 
mercury  in  the  Torricellian  tube  does  not 
preferve  the  fame  invariable  altitude : for, 
when  the  air  at  any  place  is  denle,  the  mer- 
cury (lands  at  a greater  height  than  when  it 


becomes  lighter  : thus  the  tube  becomes  an 


inftrument  to  indicate  the  varying  weight  of 
the  atmofphere,  and  when  fixed  in  a proper 
frame  with  graduations  to  meafure  the  alti- 
tude of  the  mercury,  is  known  by  the  name 
of  the  barometer.  The  variations  are  be- 
tween the  altitudes  of  274.  and  30 4 inches. 

The 


Marine  Barometer.  £9  ' 

The  inflrument  defcribed  at  p.  59.  is  alfo 
ufed  for  the  fame  purpofe,  under  the  name*of 
the  marine  barometer,  it  being  ufeful  at  fea, 
where  the  common  barometer  is  of  little  fer- 
vice,  on  account  of  the  fhip’s  motion,  which 
caufes  the  mercury  to  librate  up  and  down  in 
the  tube.  But  as  this  barometer  is  fubjedt  to 
alteration,  on  account  of  heat  and  cold,  as  well 
as  on  account  of  change  in  the  weight  of  the 
air  ; and  as  the  diftinguifhing  the  effedts  of 
each  is  attended  with  fome  little  trouble,  it  is 
not  much  in  ufe  on  fhore. 

There  are  many  contrivances  for  enlarging 
the  divifions  on  the  barometer,  fuch  as  in- 
clining the  tube,  and  the  like;  but  they  are 
all  fubjedt  to  inconveniences,  on  account  of 
fridlion,  which  the  upright  barometer  is  free 
from,  and  are  therefore  not  much  in  requeft. 

In  the  fecond  chapter  of  the  prefent  fedtion 
it  was  obferved,  that  the  air  is  condenfed  or 
rarefied  by  heat  and  cold.  On  this  account 
it  was  formerly  made  ufe  of  to  indicate  the 
varying  temperature  of  the  weather  in  thofe 
refpedts : for  the  marine  barometer  is  a ther- 
mometer, and  its  variations  being  occafioned 
by  a twofold  caufe,  it  is  not  with  facility 

applied 
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applied  to  either  purpofe.  The  thermo- 
meter, or  inftrument  by  which  the  de- 
grees of  heat  and  cold  are  denoted,  is  there- 
fore conftru&ed  by  the  ufe  of  other  fluids, 
though  the  air-thermometer  is  not  without  its 
convenience  for  diflinguifhing  very  fmall  dif- 
ferences in  heat  and  cold,  which  are  not 
fhewn  by  thofe  inftruments  which  are  made 

to  fuit  a more  extenfive  purpofe. 

The  property  of  being  expanded  by  heat, 
and  contracted  by  cold,  is  not  peculiar  to 
air.  All  bodies  whatfoever  are  fubject  to  the 
fame,  though  not  equal,  mutations ; unleis 
we  may  except  fome  fluids,  as  water,  &c. 
which  ceafe  to  contract  when  the  degree  of 
cold  is  fo  great  as  to  freeze  them,  inflead  of 
which  they  are  confiderably  dilated  when  in 
the  form  of  ice  : it  is  probabie  tnat  this 
laft  circumftance  ariies  from  the  expan  lion 
of  the  fixed  air,  which  lies  dormant  till 
extricated  by  the  cold.  As  the  preflu  re 
of  the  atmofphere  is  not  confiderable 
enough  to  alter  the  dimenfions  of  denfe  bo- 
dies in  any  fenfible  degree,  it  is  plain  that 
their  mutations  will  indicate  the  effeCts  of 
heat  alone,  and  confequently  they  muft  be 
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very  proper  for  the  matter  of  thermometers  : 
and  as  thefe  mutations  are  very  fmall  in  pro- 
portion to  the  whole  bulk,  folid  bodies  mufl: 
be  inconvenient  for  the  purpofe,  on  account 
of  the  great  length  required  to  make  them 
perceptible  : but  in  fluids,  by  means  of  pro- 
per veflels,  it  will  be  eafy  to  render  the  leaft 
alteration  vifible  ; for  if  the  neck  or  Item  of 
any  glafs-veflel  be  very  fmall  in  proportion  to 
the  contents  of  the  bulb  or  bottle,  the  leafl: 
expanfion  of  the  included  liquor  will  occaflon 
a vifible  rife  in  the  neck.  Thus,  AB  (fig. 
1 1 5.)  reprefents  a glafs-tube,  whofe  end  A is 

blown  into  a ball:  this  ball,  and  part  of  the 

' . 

tube,  being  filled  with  quickfilver,  the  leafl: 
change  of  the  bulk  of  the  quickfilver,  and 
confequently  of  the  temperature  of  the  circum- 
ambient air,  or  contiguous  bodies,  is  fhewn 
by  a rife  or  fall  of  the  furface  in  the  tube; 
the  quantity  of  which  is  indicated  by  the  fcale 
ab,  affixed  to  the  frame  of  the  inftrument. 

If  the  bent  tube  CED  (fig.  116.)  be  filled 
with  water,  and  the  fhorter  leg  EC  immerfed 
in  the  water  contained  in  the  veflel  AB,  the 
water  will  all  flow  out  at  the  aperture  D,  and 
the  veflel  will  be  emptied.  For  the  preflure 

on 
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on  the  aperture  C is  equal  to  the  weight  of 
the  atmofphere,  and  is  counteracted  by  the 
weight  of  the  column  EC,  and  the  preffure 
on  D is  the  fame  weight,  but  counteracted  by 
the  column  ED.  And  as  ED  is  longer  than 
EC,  the  preffure  of  the  atmofphereon  D will  be 
lefs  effectual  than  that  on  C ; confequently  the 
water  will  flow  out  at  the  orifice  D,  receding 
from  the  greater  preffure.  This  inflrument  is 
called  a fyphon,  and  is  fometimes  ufed  to  draw 
liquors  out  of  cafks  that  are  fo  placed  as  not 
conveniently  to  be  moved. 

A very  probable  account  of  the  caufe  of 
intermitting  fprings  may  be  given  on  the 
principle  of  the  fyphon.  For,  let  GrFC  (fig» 
118.)  reprefent  a cavity  or  receptacle  in  the 
bowels  of  a mountain,  from  the  bottom  of 
which  C,  proceeds  the  irregular  cavity  or 
fyphon  CED  : then,  if  by  fprings  or  other- 
wife  the  receptacle  begin  to  fill,  the  water 
will  at  the  fame  time  rife  in  the  leg  CE  of 
the  fyphon  till  it  has  attained  the  horizontal 
level  HH  : after  which,  it  will  begin  to  flow 
out  by  means  of  the  leg  ED,  and  will  con- 
tinue to  increafe  in  the  quantity  difcharged,  as 
the  water  rifes  hill  higher,  till  at  length  the 

fyphon 
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fyphon  will  emit  a full  fleam,  and  by  that 
means  empty  the  receptacle.  At  this  period 
the  ftream  will  ceafe,  till  the  receptacle  being 
again  filled,  will  again  exhibit  the  fame  ap- 
pearance. And  thefer  periodical  returns  of 
flood  and  ceflation  will  be  regular,  if  the  filling 
of  the  refer  voir  be  fo  ; but  the  interval  of  the 
returns  muft  depend  on  the  dimenfions  of 
the  apparatus,  and  the  quantity  of  influent 
water. 

The  adtion  of  that  very  ufeful  inflrument 
the  pump,  depends  on  the  preffure  of  the 
atmofphere.  It  Confifts  of  a pipe  CD  (fig. 
1 19.)  whofe' lower  end  C is  immerfed  in 
water  : at  B is  fixed  a clack  or  valve  opening 
upwards,  and  in  the  fuperior  part  of  the  tube 
is  worked  a piflon  A,  which  by  means  of 
leather,  fits  very  clofely  in  the  pipe.  In  this 
alfo  is  a valve  opening'  upwards.  Now,  if 
the  part  above  B be  filled  with  water,  to 
render  the  whole  air-tight,  the  piflon  A be- 
ing thruft  down  to  B,  and  afterwards  railed, 
a vacuum  or  void  fpace  will  be  left  between 
B and  A,  into  which  the  air  contained  in 
the  lower  part  of  the  pipe  CB,  will  expand 
itfelf.  The  fpring  of  this  air  being  thus 

weakened 
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weakened  by  the  expanfion,  can  no  longer 
counterpoife  the  effedt  of  the  preflure  of  the 
atmofphere,  and  the  water  will  rife  in  the 
tube  till  the  equilibrium  is  reftored.  By  de- 
preflion  of  the  pifton  A,  the  valve  B is  differed 
to  clofe,  and  a part  of  the  air  between  the 
valve  and  pifton  efcapes  through  A.  After 
a few  ftrokes,  the  whole  of  the  included 
air  is  extracted,  the  water  rifes  through 
the  valve  B,  and  is  drawn  upwards,  and 
difeharged  by  the  pifton  A.  And  this  oper- 
ation may  be  continued  at  pleafure.  But 
if  the  height  BC  be  more  than  34  feet,  the 
water  will  not  rife  to  the  valve ; for  a column 
of  frefti  water  of  that  length  being  equal  to 
the  weight  of  the  atmofphere,  it  can  be  raifed 
no  higher  by  that  weight.  Thus  alio  it  is, 
that  the  mercury  in  the  barometer  ftands 
but  to  a certain  height ; and  if  a pump 
finiflied  with  the  utmoft  exadtnefs  on  the 
above  principle  be  made  to  work  in  mercury, 
it  will  not  raife  it  beyond  that  height. 

The  fire-engine  ads  by  means  of  the 
weight  and  elafticity  of  the  air.  For  it  is 
compofed  of  two  barrels,  E and  D,  (fg» 

120.)  in  each  of  which  a folid  pifton  or 

plunger 
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plunger  is  worked  by  means  of  a double  le- 
ver. Thefe  barrels  communicate  with  the 
water  by  a pipe  not  expreffed  in  the  figure : 
they  alfo  communicate  with  the  drong  cylin- 
der or  veffel  CC,  by  the  pipes  L and  T.  At 
M and  K in  the  barrels  are  valves  opening 
upwards,  and  at  L and  T are  valves  which 
open  towards  the  cylinder.  In  the  figure,  the 
pidon  in  D being  railed,  the  water  rufhes  in 

at  D,  while  that  in  E being  depreffed,  forces 

■ 

its  contents  into  the  cylinder  through  the 
valve  T.  At  the  next  droke  the  barrel  E 
raifes  the  water,  while  the  contents  of  the 
barrel  D are  forced  into  the  cylinder:  and 
thus  the  alternate  adions  of  raifing  and 
forcing  may  be  continued  at  pleafure.  Now 
the  water  being  forced  into  the  cylinder, 
compredes  the  air  contained  within,  into  a 
fmall  fpace ; which  air  reacting  on  the  water, 
drives  it  in  a continual  dream  through  the 
pipe  POQR,  which  may  be  direded  as  ne~ 
ceflity  fhall  require. 

That  the  force  of  compreded  air  is  very 
great,  appears  by  many  experiments,  par- 
ticularly m the  performance  of  the  wind- 
gun.  Fig.  1 21.  reprefents  a fedion  of  this 

indrument. 
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inftrumerit.  A K is  the  barrel,  containing 
a ball  at  K.  This  barrel  is  contained  within 
another  larger  tube  CDRE,  and  in  the  inter- 
mediate cavity,  the  air  is  compreffed  and 
kept.  MN  is  a cylindrical  cavity  in  the 
Rock  or  butt  end  of  the  piece,  in  which  a 
pifton  works  for  the  purpofe  of  forcing  the 
air  into  the  before-mentioned  cavity.  The 
air  is  prevented  from  returning  by  the  fhut 
or  valve  P,  which  is  opened  by  the  air,  as  it  is 
forced  in,  but  at  other  times,  is  kept  fhut  by 
the  fpring  of  the  included  air.  At  L is 
placed  another  valve,  which,  by  means  of  a 
fpring  is  preffed  clofe  on  the  orifice  of  the 
barrel,  and  prevents  the  air  from  efcaping. 
To  this  valve  is  affixed  a wire,  which,  paf- 
fmg  through  a hole  that  is  rendered  air- 
tight by  wet  and  greafy  leather,  appears  after- 
wards at  O,  in  the  form  of  a trigger.  When 
the  trigger  is  drawn  back,  the  valve  L opens, 
and  the  air  rufhing  out,  drives  the  ball  with 
a force  that  feems  not  much  leis  than  if 
it  were  difcharged  from  a mufquet. 

A variety  of  curious  and  pleafing  fountains 
may  be  formed  by  the  help  of  the  proper- 
ties of  the  air  combined  with  hydroflatical 

principles. 
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principles.  Thefollowing  is  the  mod  inefleem. 
ABCD  (fig.  122.)  is  a copper  veffel,  near 
two-thirds  filled  with  water  : at  M is  fcrewed 
in,  the  tube  IG,  the  jundion  being  made 
. air-tight  by  means  of  wet  and  greafy  leather, 
and  in  the  upper  part  of  the  tube  is  fixed 
a flop-cock  H.  The  flop-cock  being  opened, 
a forcing  fyringe  is  fcrewed  on  at  I,  and  a 
great  quantity  of  air  injeded,  whence  the 
air  in  the  cavity  ABFE  being  very  much 
condenfed,  preffes  on  the  furface  of  the  in- 
cluded water.  The  flop-cock  being  then 
fhut,  -the  fyringe  is  removed,  and  an  adjutage 
fcrewed  on  in  its  place ; through  which,  if 
the  flop-cock  be  again  opened,  the  water 
’ will  fpout  forth  with  great  violence. 

In  many  mechanical  engines,  where  the 
force  of  an  elaftic  fluid  is  required,  the 
fleam  of  boiling  water  is  made  ufe  of,  by 
reafon  that  it  is  eafily  obtained,  and  is  prodigi- 
oufly  elaftic. 

The  firft  engine  of  which  we  have  any 
account,  for  raifing  water  by  the  force  of  fleam, 
was  conflruded  about  a century  ago  upon  the 
principle  of  the  figure,  (fig.  123.)  in  which 

H reprefents  a copper  boiler  placed  on  a fur- 
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nace.  E is  a flrong  iron  vefTel  which  com- 
municates with  the  boiler  by  means  of  a pipe 
at  top,  and  with  the  main  pipe  AB,  by  means 
of  a pipe  I at  bottom.  AB  is  the  main  pipe 
immerfed  in  the  water  at  B.  D and  C are 
two  fixed  valves,  both  opening  upwards,  one 
of  which  is  placed  above,  and  the  other  be- 
low the  pipe  of  communication  I.  Laftly, 
at  G is  a cock  which  ferves  occafionally  to 
wet  and  cool  the  veflel  E,  by  water  from  the 
main  pipe,  and  F is  a cock  in  the  pipe  of 
communication  between  the  veflel  E and  the 
boiler. 

The  engine  is  fet  to  work,  by  filling  the 
copper  in  part  with  water,  and  alfo  the  up- 
per part  of  the  main  pipe  above  the  valve  C, 
the  fire  in  the  furnace  being  lighted  at  the 
fame  time.  When  the  water  boils  firongly, 
the  cock  F is  opened,  the  fleam  rulhes  into 
the  veflel  E,  and  expels  the  air  from  thence 
through  the  valve  C.  The  veflel  E thus  filled, 
and  violently  heated  by  the  fleam,  is  fuddenly 
cooled  by  the  water  which  falls  on  it  upon 
turning  the  cock  G,  the  cock  F being  ihut, 
to  prevent  any  frefh  aoceffion  of  fleam  from 

the  boiler.  In  conlecpaence  ol  this,  the  fleam 

in 
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in  E becoming  condenfed,  leaves  the  cavity 
within  almoft  intirely  vacuous  : the  preffure 
of  the  atmofphere  at  B,  therefore,  forces  the 
water  through  the  valve  D till  the  veffel  E is 
nearly  filled.  The  condenfing  cock  G is 
then  fhut,  and  the  fleam  cock  F again  opened; 
the  fleam  rufhing  into  E,  expels  the  water 
through  the  valve  C as  it  before  did  the  air. 
Thus  E becomes  again  filled  with  hot  fleam, 
which  is  again  cooled  and  condenfed  by  the 
water  from  G,  the  fupply  being  cut  off  by 
fhutting  F,  as  in  the  former  operation : the 
water  confequently  rufhes  through  D,  by  the 
preffure  of  the  atmofphere  at  B,  and  E is 
again  filled.  This  water  is  forced  up  the 
main  pipe  through  C,  by  opening  F and 
fhutting  G,  as  before.  It  is  eafy  to  conceive, 
that  by  this  alternate  opening  and  fhutting 
the  cocks,  water  will  be  continually  raifed, 

as  long  as  the  boiler  continues  to  fupply 
the  fleam. 

For  the  fake  of  perfbicuity,  the  drawing 
is  dwelled  of  the  apparatus  by  which  the 
two  cocks  are  turned  at  once,  and  of  the 
contrivances  for  filling  the  copper  to  the 
proper  quantity.  The  engines  of  this  con- 
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ftrudtion  were  ufually  made  to  work  with 
two  receivers  or  fleam  veffels,  one  of  which 
received  the  fleam,  while  the  other  was 
railing  water  by  the  condenfation.  This  in- 
flrument  has  been  fince  improved,  by  ad- 
mitting the  end  of  the  condenfing  pipe  G 
into  the  veffel  E,  by  which  means  the  fleam 
is  more  fuddenly  and  effedtually  condenfed 
than  by  water  on  the  outfide  of  the 
veffel. 

The  advantages  of  this  engine  are,  that 
it  may  be  eredted  in  almofl  any  fituation, 
requires  but  little  room,  and  is  fubjedt  to  very 
little  fridtion  in  its  parts : its  difadvantages  are, 
that  great  part  of  the  fleam  is  condenfed, 
and  lofes  its  force  upon  coming  into  con- 
tadl  with  the  water  in  the  veffel  E,  and  that 
the  heat  and  elaflicity  of  the  fleam  mufl  be 
increafed  in  proportion  to  the  height  to 
which  the  water  is  required  to  be  raifed. 
On  both  thefe  accounts  a large  fire  is  re-' 
quired,  and  the  copper  mufl  be  very  flrong, 
when  the  height  to  which  the  water  is  in- 
tended to  be  raifed  is  confiderable,  other- 
wife  there  is  danger  of  its  burfling.  The 

following  engine,  though  in  general  bulky, 

and 
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and  more  expenfive  in  its  conftrudtion,  is 
lefs  chargeable  in  fuel,  as  it  a6ls  by  means 
of  fleam  whofe  denfity  is  not  much  greater 
than  that  of  the  common  air. 

In  fig.  124.  H reprefents  the  copper  boiler 
on  its  furnace.  E is  a cylindrical  vefiel  of 
iron,  in  which  the  pifton  OO  moves  up  and 
down  ; the  edges  of  the  pifton  being  armed 
with  oakum  and  greafe,  render  the  whole 
cavity  between  the  pifton  and  the  bottom  of 
the  cylinder  air-tight.  F is  a cock  by  which 
fleam  is  occafionally  let  into  the  cylinder  from 
the  boiler.  IK  is  a lever,  attached  to  the 
pifton  at  "I,  and  at  K to  the  pifton  of  a pump 
which  works  on  that  fide.  PQjis  a folid 
pifton  which  moves  in  the  pipe  RM,  and 
which  is  loaded  with  a heavy  weight  at  P. 
ABC  is  the  main  pipe  into  which  the  water 
is  forced  from  RM  through  a valve  C open- 
ing outwards.  N is  an  air  veftel  communi- 
cating with  the  main  pipe.  D is  a valve  ‘ 
opening  upwards,  and  at  M is  the  water  to 
be-  railed. 

In  the  drawing,  the  engine  is  reprefented 
in  the  pofition  which  it  has  at  the  end  of  a 
forcing  ftroke,  which  is  likewife  its  pofition 
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when  at  reft.  Suppofe  the  main  pipe  ABC 
to  be  filled  with  water,  and  the  water  in  the 
copper  H to  boil  ftrongly.  The  cock  F 
being  then  opened,  the  fieam  rufhes  into 
the  cylinder,  and  being  much  lighter  than 
the  air,  rifes  to  the  top,  and  expels  the  air 
through  a valve  in  the  bottom  of  the  cylin- 
der. This  being  accomplifhed,  F is  fhut, 
and  the  cock  G communicating  with  the 
main  pipe  is  opened,  which  immediately 
condenfes  the  fieam  by  violently  fpouting  cold 
watei  againft  the  bottom  of  the  pifton.  A 
vacuum  being  thus  obtained,  the  prefiure  of 
the  atmofphere  forces  the  pifton  down  to  the 
bottom  of  the  cylinder ; the  lever  IK.  is  moved 
of  courfe,  the  pifton  PQ^with  its  weight  is 
raifed,  and  the  water  afeends  in  the  pipe  MR 
upon  the  principle  of  the  common  putup. 
The  cock  G being  now  fhut,  and  F opened, 
the  fieam  enters  the  cylinder,  and  countera&s 
the  prefiure  of  the  atmofphere  on  the  pifton 
OO.  In  conference  of  this,  the  weight; 
P prevails,  and  drives  down  the  pifton  RQ^, 
which  forces  the  water  through  the  valve  C 
into  the  main  pipe  and  its  air  vefiel.  The 
ufe  of  the  air  vciTel  is  to  prevent  the  main 

pipe 
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pipe  from  burning  by  the  fudden  entrance 
of  the  water ; for  the  air  at  N being  elaflic, 
gives  way  in  fome  degree  to  the  flroke.  By 
opening  the  cock  G and  fhutting  F,  the 
fleam  is  again  condenfed,  the  preffure  of 
the  atmofphere  again  prevails,  and  thus  the 
work  may  be  continued  at  pleafure. 

In  this  drawing  like  wife,  the  mechanifrn 
is  omitted,  by  which  the  cocks  are  opened 
and  fhut.  This  office  is  performed  by  a 
beam  and  ropes  attached  to  the  lever  IK  ; 
fo  that  the  attendance  required  is  very  little 
more  than  is  neceffary  to  fuppiy  the  boiler 
with  water,  and  to  prevent  the  fire  from 
going  out. 

The  peculiar  advantage  of  this  engine  is, 
that  the  water  may  be  forced  to  any  height 
without  increaling  the  force  of  the  fleam, 
which  never  need  be  much  greater  than  that 
of  the  atmofphere ; and  therefore  the  boiler 
is  very  little  endangered.  The  maximum  of 
its  power  deends  upon  the  area  of  the  pifton 
OO  j for  the  larger  the  area,  the  greater  the 
column  of  the  atmofphere  by  which  it  is. 
preffed,  and  confequently  the  heavier  the 
weight  P may  be.  If  OO  be  36  inches  in 
1 H 4 diameter. 
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diameter,  it  will  be  prefled  by  a column  of 
the  atmofphere  equal  in  weight  to  a column 
of  mercury  of  that  diameter,  and  30  inches 
in  height  ; that  is  to  fay,  almoft  7 ton. 

But,  notwithftanding  the  great  fkill  and 
contrivance  difplayed  in  this  engine,  it  is  at 
prefent  almoft  entirely  fuperfeded  by  one  of 
a much  better  conftrudtion,  invented  and 
perfected  by  Meflrs.  Watt  and  Bolton , of 
Birmingham.  Thofe  gentlemen  feem  to  have 
carried  the  art  of  raifing  water,  by  means  of 
fleam,  as  far  as  it  will  go,  both  with  refped: 
to  the  theory  and  the  execution ; but  as  they 
are  yet  only  beginning  to  enjoy  the  fruits 
of  their  ingenuity  and  labour,  it  might  be 
doing  them  an  injury  to  publifh  a fcientific 
defcription  of  their  engine.  We  flhall  there- 
fore content  ourfelves  with  obferving,  that 
inftead  of  deprefling  the  piflon  OO  by  means 
of  the  weight  of  the  atmofphere,  the  fleam 
is  thrown  upon  it,  the  upper  part  of  the 
cylinder  E being  clofed,  and  the  rod  L, 
which  is  fmootb  and  polifhed,  being  admit- 
ted through  a perforation,  which  is  wadded 
fo  as  to  be  air-tight.  The  afcent  of  the 
piflon  is  obtained  by  letting  the  fleam  out 
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of  the  cylinder  into  a veSTel  at  a confiderahle 
distance,  where  it  meets  with,  and  is  con- 
denfed  by  a jet  of  cold  water  ; while  a va- 
cuum is  constantly  maintained  in  the  lower 

part  of  the  cylinder  by  the  aCtion  of  an  air- 

/ 

pump.  The  force  of  Steam  employed  in  this 
engine  is  ufually  equal  to  one  atmolphere  and 
a quarter,  and  the  whole  apparatus  is  regu- 
larly worked  by  the  principal  lever  IK.  The 
advantages  of  this  construction  are,  that  by 
increasing  the  force  of  the  Steam  the  power  of 
the  engine  may  be  increafed,  without  enlarg- 
ing the  diameter  of  the  cylinder ; and  a lefs 
expence  of  Steam  is  required  on  account  of  the 
condenfation  being  performed  at  a distance 
from  the  cylinder,  which  is  not  therefore 

i 

cooled  by  the  injection  of  the  cold  water. 
To  thefe  we  may  add  the  peculiar  neat- 
nefs  and  accuracy  with  'which  the  apparatus 
is  finished,  which  cannot  but  greatly  contri- 
bute to  facilitate  the  working  of  the  engine. 
On  theSe  accounts,  the  expence  of  fuel  is  very 

much  1 els  than  in  any  which  have  been 
hitherto  constructed. 

The  elasticity  of  the  air  affords  a method  of 
determining  the  depth  of  the  fea  in  places 

where 


where  a line  cannot  be  ufed.  Fig.  125.  is  a, 
machine  for  this  purpofe.  A reprefen ts  a 
large  ball  of  hr  or  other  light  wood,  varnifhed 
over,  to  preferve  it  from  the  effects  of  the 
water ; B is  a hollow  glafs  veflel,  whofe  con- 
tents' in  fea-water  is  exactly  known  ; fuppofe, 
for  inftance,  two  pounds : its  neck  C ter- 
minates in  a fmall  orifice,  and  is  bent  down- 
wards, to  prevent  the  efcape  of  the  included 
air,  when  it  is  immerfed  in  water.  At  E is  a 
fpring-hook,  which,  if  at  liberty,  would  Hand 
in  the  pofition  e,  but  which  is  preffed  through 
a flit  in  the  ftem  at  the  bottom,  and  kept  to 
its  place  by  hooking  on  the  weight  D.  The 
whole  inflrument  thus  prepared  is  buffered  to 
fink  in  the  water.  And  the  confequence  is, 
that  as  it  finks,  the  preffure  of  the  water  con- 
tinually increafing,  forces  its  way  into  the 
veflel,  and  condenfes  the  air  contained  with- 
in ; but  when  it  arrives  at  the  bottom,  the 
weight  D ftriking  fil'd,  is  flopped,  while  the 
reft  of  the  apparatus  proceeds  a little  onwards, 
by  reafon  of  its  acquired  velocity.  The  hook 
E being  thus  difengaged  from  the  weight, 
flies  back,  and  leaves  it  intirely,  by  which 
means  the  ball  A is  at  liberty  to  rife  again 
7 V* 
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to  the  furface.  By  the  quantity  of  water 
contained  in  B at  its  emergence,  it  is  eafy  to 
determine  the  depth  to  which  it  has  defend- 
ed. For,  fince  the  denfity  of  air  is  as  the 
compreffing  weight,  the  bulk  of  the  fame 
quantity  of  air  under  different  preffures, 
mud;  be  reciprocally  as  the  weight.  And 
experiment  fhews,  that  the  weight  of  the 
atmofphere  is  equal  to  32  feet  of  fea- water':  ' 
therefore,  at  the  depth  of  32  feet,  the  air 
included  in  the  veffel  C will  fuffain  the  p ref- 
ill re  of  two  atmofpheres,  and  confequently 
wili  be  condenfed  into  half  its  former  fpace ; 
at  64  feet  depth  it  will  fudain  the  preffure  of 
three  atmofpheres,  and  be  condenfed  into 
one  third  of  its  firft  fpace,  and  fo  forth. 
For  example,  fuppofe  an  empty  ball  as  above 
defcribed,  capable  of  holding  two  pounds 
troy  of  fea- water,  was  to  defcend  to  ^n  un- 
known depth  in  the  fea,  and  at  its  return  was 
found  to  contain  1 lb.  1 1 oz.  1 8 d wts.  of  water, 
it  is  required  to  find  the  depth  ?.  Then,  As  the 
bulk  into  which  the  air  was  compreffed, 
when  at  the  , bottom  of  the  fea,  which  is  ex- 
pieffed  by  2 dwts.  Is  to  the  bulk  of  the  air 
before  immerfion,  which  is  exprefied  by  2 
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3b.  So  is  the  weight  cf  the  atmofphere,  by 
which  the  air  was  compreffed  before  immer- 
fion,  which  is  expreffed  by  32  feet  of  water. 
To  the  weight  by  which  the  air  was  compref- 
fed when  at  the  bottom  of  the  fea,  3840  feet. 
From  which  dedud  32  feet  for  the  preffure 
of  the  atmofphere,  and  the  remainder,  3808 
feet,  indicates  the  depth  of  the  fea. 

This  method  is  fubjed  to  two  objections. 
The  firft  is,  that  probably  the  fpecific  gravity 
of  the  fea  may  be  different  at  different  depths, 
in  which  cafe  the  preffures  will  not  be  as  the 
depths  : and  the  other  is,  that  air  in  very 
«reat  condenfations  does  not  firidly  follow 

to 

the  ratio  of  the  preffure,  but  refifts  in  a 
greater  degree.  But  a careful  fenes  of  ex- 
periments may  indicate  the  allowances  which 
ought  to  be  made  on  both  accounts,  and  in 
fmall  depths  the  inftrument  is  fufficiently 
accurate  on  the  principle  alieady  laid 
down. 

If  an  empty  veffel,  that  is  to  fay,  a veffel 

containing  air,  be  immerfed  in  water  with 

the  mouth  downwards,  the  ipiing  of  the 

air  will  prevent  the  water  from  filling  the 

veffel,  as  may  be  eafily  feen  by  the  help  cf 

a wine- 


Diving  Bell.  109 

a wine-glafs.  The  diving-bell  is  conffcrudted 
to  ferve  on  this  principle.  It  confifts  of  a 
large  veffel  or  kind  of  calk,  fo  loaded  with 
lead  as  to  fink  when  empty,  with  the  mouth 
downwards.  In  the  top  is  fixed  a cock  to 
let  out  the  air,  and  a ftrong  pane  of  glafs 

1 

to  afford  light  to  the  divers,  who  fit  on  a 
circular  bench  in  the  infide.  This  machine 
is  lowered  into  the  water  about  twelve  feet 
at  a time,  and  at  each  paufe  air  is  fent  down 
in  fmailer  bells  to  the  divers,  and  by  them 
received  into  the  cavity  of  the  great  bell,  for 
the  purpofe  of  expelling  the  water,  which 
enters  as  the  prefiure  condenfes  the  included 
air.  After  it  has  arrived  at  the  bottom  of 
of  the  fea,  they  continue  by  the  fame  means 
to  replenish  the  air  which  becomes  foul  by- 
breathing,  letting  the  impure  air  efcape  by 
the  cock  in  the  upper  part,  as  they  re- 
ceive frefh  air  by  the  barrels  or  fm all  bells  j 
by  which  contrivance  they  can  remain  under 
water  as  long  as  they  pleafe.  The  diving- 
bell  might  be  applied  to  good  ufe  in  the 
pearl  fifhery,  and  in  other  affairs  of  that  na- 
ture ; but  has  not  yet  been  applied  to  ufe, 

except  by  Dr.  Halley , and  a few  other  curious 
and  philofophical  gentlemen. 
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CHAP.  VI. 

Of  the  Air-Pump , and  its  XJfes. 

* | ' H E moft  ufeful  of  all  philofophical 
inftruments,  whofe  actions  depend  on 
the  properties  of  the  air,  is  the  air-pump. 
By  the  help  of  this  machine  all  that  has  been 
fhewn  concerning  the  weight  and  elafticity 
of  the  air,  is  demonftrated  in  the  moft  Ample 
and  elegant  manner.  Its  conftru&ion  is  as 
follows  : EFGH  (fig.  127.)  is  a fquare  table 
of  wood,  AA  are  too  ftrong  barrels  or  tabes 
of  brafs,  which  are  firmly  retained  in  their 
pofition  by  the  piece  TT,  which  is  prefied 
on  them  by  fcrews  OO,  which  are  fixed  on 
the  tops  of  the  brafs  pillars  NN.  Thefe  bar- 
rels communicate  with  a cavity  in  the  piece 
D.  At  the  bottom  within  each  barrel  is  fixed 
a valve,  opening  upwards,  and  in  each  a 
pifton  works,  having  a valve  likewife  open- 
ing upwards.  The  piftons  are  moved  by  a 
cog-wheel  in  the  piece  TT,  to  the  axis  of 

which 
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tvhich  the  handle  B is  fixed,  and  whofe  teeth 
catch  in  the  racks  of  the  piftons  CC.  PQR 
is  a circular  brafs-plate,  in  the  center  of  which 
appears  the  orifice  K of  a concealed  pipe,  that 
communicates  with  the  cavity ; in  the  piece  D 
at  V is  a fcrew  that  clofes  the  orifice  of  an- 
other pipe,  which  alfo  terminates  at  K,  for 
the  purpofe  of  admitting  the  external  air 
when  required.  LM  is  a glafs-receiver,  out 
of  which  the  air  is  to  be  exhauhed.  It  is  ' 
placed  on  the  plate  PQR,  which  is  firfl  co- 
vered with  a wet  fheep-fkin,  or  fmeared 
with  wax,  to  prevent  the  air  from  infinuat- 
ing  under  the  edge  of  the  glafs.  We  fhall 
not  defcribe  the  methods  and  precautions 
which  are  ufed  to  render  the  whole  air-tight, 
but  fhall  proceed  to  explain  the  mode  of  its 
adtion. 

When  the  handle  B is  turned,  one  of  the 
piflons  is  raifed,  and  the  other  depreffed ; in 
confequence  of  which,  a void  fpace  is  left 
between  the  raifed  pifton  and  the  lower  valve 
: in  the  correlpondent  barrel:  the  air  contained 
I in  the  receiver  LM,  communicating  with  the 
ij  barrel  by  the  orifice  K,  immediately  raifes  the 

lower 
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lower  valve  by  its  fpring,  and  expands  into 
the  void  fpace ; and  thus  a part  of  the  air 
in  the  receiver  is  extracted.  The  handle 
then,  being  turned  the  contrary  way,  raifes 
the  other  pifton,  and  performs  the  fame  ad  in 
its  correfpondent  barrel ; while,  in  the  mean 
time,  the  fir  ft;  mentioned  pifton  being  de- 
prefted,  the  air,  by  its  fpring,  clofes  the  lower 
valve,  and,  railing  the  valve  in  the  pifton, 
makes  its  efcape.  The  motion  of  the  handle 
being  again  reverfed,  the  firft  barrel  again 
exhaufts  while  the  fecond  difeharges  the  air 
in  its  turn : and  thus,  during  the  time  the 
pump  is  worked,  one  barrel  exhaufts  the 
air  from  the  receiver,  while  the  other  dif- 
eharges it  through  the  valve  in  its  pifton. 

Hence  it  is  evident,  that  the  vacuum  in  the 
receiver  of  the  air-pump  can  never  be  perfed ; 
that  is,  the  air  can  never  be  entirely  exhaufted: 
for  it  is  the  fpring  of  the  air  in  the  receiver 
that  raifes  the  valve  and  forces  air  into  the 
barrel,  and  the  barrel  at  each  exfudion  can 
only  take  away  a certain  part  of  the  remain- 
ing air,  which  is  in  proportion  to  the  quan- 
tity before  the  ftroke,  as  the  capacity  of  the 

barrel 
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barrel  is  to  that  of  the  barrel  and  receiver 
added  into  one  fum.  Befides  which,  there 
is  another  circumftance  that  impedes  the  per- 
fection of  the  vacuum  ; namely,  that  there 
ever  will  be,  in  the  bell  conftruded  infirument, 
a fpace  between  the  two  valves  when  the 
piflon  is  down,  in  which  a fmall  quantity  of 
air  will  remain.  Now,  when  the  air  in  the 
receiver  is  become  fo  rarefied,  that  its  fipring 
is  only  equal  to  that  of  the  fmall  remaining 
quantity,  when  rarefied  by  railing  the  piflon, 
it  will  not  raife  the  lower  valve,  and  of  courfe 
the  exhauflion  will  ceafe. 

But  though  the  vacuum  in  the  receiver  of 
the  air-pump  is  not  perfect,  yet  it  is  fuffici- 
ently  fo  to  exhibit  mofl  of  the  appearances 
which  would  take  place  in  an  abfolute  void; 
that  is  to  fay  of  air,  for  the  particles  of  light, 
and  probably  other  bodies,  do  exifl  in  the 
vacuum  here  defcribed. 

There  are  feveral  methods  of  difcovering 
the  degree  of  rarefaction  of  the  air  within  the 
receiver.  The  belt  is  by  means  of  a bottle  in 
the  fliape  of  a pear,  which  is  graduated  on 
the  outfide  to  every  hundredth  part  of  its 

contents.  This  bottle  being  filled  with  mer- 
Vol.  II, 
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cury,  a fmall  bubble  of  air  is  admitted,  and 
its  neck  is  plunged  in  a veffel,  likewife  con- 
taining mercury.  The  preffure  of  the  air 
fuftains  the  mercury  in  the  bottle,  on  the  ba- 
rometer-principle but  when  the  inilrument 
is  placed  under  the  receiver,  and  the  preffure 
diminished  by  the  exhauftion,  the  included 
bubble  is  at  liberty  to  expand  by  the  fall  of 
the  mercury.  And  the  degree  of  this  expan- 
fion,  which  correfponds  with  that  of  the  air 
in  the  receiver,  is  known  by  the  graduations 
on  the  bottle.  By  an  inftrument  of  this  kind 
it  is  found,  that  the  air-pumps  conftru&ed  in 
the  beft  manner,  as  directed  by  Mr.  Smea- 
ton  in  the  Philofophical  Tranfadions  for  1752, 
will  rarefy  the  air  more  than  1000  times : but 
the  common  air-pumps  in  the  {hops  Seldom 
rarefy  more  than  100  times. 

We  obferved,  that  the  properties  of  the  air 
might  be  very  fimply  and  elegantly  demon- 
ffratcd  by  the  affiftance  of  the  air-pump.  It 
will  not  be  amifs  in  this  place  to  enumerate 
lome  of  the  experiments  which  are  made  for 
that  purpofe. 

The  weight  of  the  air  is  proved  by  exh  .lull- 
ing it  out  of  a bottle,  as  has  alreauy  been  ob-  4 

Served. 
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ferved.  It  is  alfo  fhewn,  that  the  mercury 
in  the  Torricellian  tube  or  barometer  is  fuff 
tained  by  the  preffure  of  the  air  ^ for,  if  a 
barometer  be  placed  under  a tall  receiver,  and 
the  air  exhausted,  the  mercury  will  fubfide 
gradually  as  that  preffure  is  removed.  If  a 
fquare  bottle,  in  whofe  neck  is  fixed  a valve, 

I opening  outwards,  be  placed  under  the  re- 
ceiver, and  the  air  exhaufted,  the  bottle  will 
be  crufhed  to  pieces  by  the  weight  of  the  at- 
mofphere  when  the  air  is  permitted  to  return 
into  the  receiver : for  the  air  being  prevented 
from  entering  the  bottle  by  the  valve,  the 
bottle  (which,  before  the  exhauftion,  fuftained 
the  preffure  of  the  atmofphere  on  its  external 
furface,  by  means  of  the  fpring  of  the  in- 
cluded air,  which  adted  equally  on  the  inter- 
nal furface)  being  deprived  of  its  internal  air, 
is  incapable  of  bearing  the  weight  of  the 
atmofphere  which  preffes  it  on  all  fides.  If 
the  bottle  were  round  inftead  of  fquare,  it 
would  fuftain  the  preffure,  not  with  Handing 
the  exhauftion,  by  reafon  of  its  arched  figure, 

j' which  would  prevent  its  giving  way  in- 
wards. 

I 2 
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The  quantity  of  this  prelfure  on  a given 
furface  is  equal  to  the  weight  of  a column 
of  mercury,  whofe  bafe  is  the  given  furface, 
and  whofe  height  is  the  height  of  the  mer- 
cury in  the  barometer,  as  may  be  eafily  ga- 
thered from  the  hydroftatical  principles  here- 
tofore laid  down.  To  exemplify  and  prove 
this  by  the  air-pump,  it  is  ufual  to  inclofe  in 
the  receiver  two  brafs  hemifpheres,  as  A and 
B,  (fig.  126.)  which  fhut  together  like  a box, 
and  which,  at  the  place  of  fhutting,  are  lined 
with  wetted  leather.  The  air  being  exhaufted 
from  the  receiver  efcapes  likewife  from  the 
cavity  of  the  hemifpheres,  and  when  it  is  per- 
mitted again  to  enter  the  receiver,  the  hemi- 
fpheres are  fo  clofely  preffed  together,  that 
the  air  cannot  enter  at  the  place  of  junction  : 
confequently  they  adhere  together,  with  a 
force  equal  to  the  preffure  of  the  atmo- 
fphere,  which  is  greater  or  lefs  in  proportion 
to  the  area  of  the  circle  at  the  place  of  junc- 
tion : thus,  by  the  above  rule,  if  the  diameter 
of  the  circle  at  which  the  hemifpheres  are 
joined  be  four  inches,  the  force  required  to 

/ /«l 

feparate  them  mult  exceed  230 lb.  troy.. 
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Since  bodies,  immerfed  in  fluids,  -lofe 
parts  of  their  weights,  which  are  equal  to 
the  weights  of  mafles  of  the  fluids  refpec- 
tively  equal  in  bulk  to  the  bodies  them- 
felves,  it  follows  that  bodies  of  different 
fpecific  gravities,  which  are  in  equilibrio  in 
the  air  will  not  remain  fo  in  vacuo.  For 
in  vacuo  each  body  will  re-acquire  the  weight 
which  they  may  be  faid  to  lofe  while  in  the 
air,  and  the  body  whofe  bulk  is  greatefl:  will 

! acquire  the  greatefl:  weight.  Thus,  if  a piece 
of  cork  be  in  equilibrio  with  a piece  of 

I lead,  when  weighed  by  fine  feales  in  the  air, 
the  cork  will  preponderate  in  vacuo ; the 
rerrioval  of  the  air  adding  proportionally 
more  to  its  weight,  as  its  bulk  exceeds  that 
: of  the  lead. 

The  fpring  of  the  air  may  likewife  be 
fhewn,  in  various  manners,  by  the  affiflrance 
of  the  air-pump.  If  a final!  tube  be  inferted 
through  the  cork  of  a bottle,  half  full  of 
mercury,  fo  that  the  communication  between 
the  air  included  in  the  upper  part  of  the 
bottle  and  the  external  air  be  entirely  cut 
off,  the  end  of  the  tube  being  immerfed  in 
the  mercury  -3  and  this  apparatus  be  placed 

I 3 under 
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under  the  receiver  and  the  air  exhaufted : 
then  the  fpring  of  the  included  air,  pref- 
fmg  on  the  furface  of  the  mercury,  will  force 
it  into  the  tube,  and  fuftain  it  at  the  fame 
height  nearly  as  its  hands  in  the  barometer ; 
the  fpring  of  the  air  being  equal  to  its 
weight,  and  confequently  producing  an  equal 

effedt : but  on  account  of  the  imperfe&ion 

✓ 

of  the  vacuum,  the  fpring  of  the  fmall  re- 
maining quantity  of  the  air  in  the  receiver 
prevents  the  mercury  from  riling  exadtly  as 
high  as  it  does  in  the  barometer. 

If  a half  blown  bladder  be  placed  in  the 
receiver,  the  included  air  will  expand,  as  the 
exhauftion  proceeds,  and  will  blow  it  up 
even  to  burfting.  And  if  this  bladder  be 
inclofed  in  a box,  whofe  cover  is  loaded  with 
weights  fomewhat  lefs  than  equal  to  that  of 
the  atmofphere,  the  expan fion  will  raife  the 
cover  and  fuftain  the  weights.  Thus  if  the 

bladder  be  inclofed  in  a box  of  6 inches 

\ 

diameter,  it  will  raife  the  cover,  though 
loaded  with  upwards  of  500  lb.  troy,  as 
may  be  ealily  gathered  from  the  conli- 
deration,  that  the  fpring  of  the  air  is  equal 

to 
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to  its  weight ; which  weight  may  be  found 
by  the  rules  eftablifhed  above. 

The  fpring  of  the  air,  which  is  included  in 

the  larger  pores  or  veffels  of  bodies,  is  the 
foundation  of  a number  of  plealing  and  in- 
ftrudtive  experiments,  d hus  it  is  found,  that 
wood  is  fpecifically  lighter  than  water,  only  by 
reafon  of  the  fpring  of  the  air  included  in  its 
veffels,  which  prevents  the  water  from  enter- 
ing : for  when  this  air  is  extra&ed,  and  the 
water,  by  the  admiffion  of  the  external  air 
into  the  receiver,  is  impelled  into  the  veffels 
of  the  wood,  it  is  always  found  to  fink  to 
the  bottom. 


; The>  refractive  power  of  the  air  is  alfo 
fhewn  by  the  air-pump.  For  if  the  air  be 
exhaufted  out  of  a prifmatic  giafs  veffel,  the 
rays-of  light  will  not  pafs  ftrait  through  its 
lides,  but  in  entering  the  vacuum,  are  deflec- 
ted from  the  perpendicular,  and  at  their  em- 
ero-ence  into  the  air,  are  deflected  towards 

^ r 

the  perpendicular,  according  to  the  effablilhed 
laws  of  optics.  The  proportions  of  the 
fines  of  the  angles  of  incidence  and  refrac- 
tion, out  of  the  vacuum  into  the  air,  are  by 
this  means  found  to  be  as  100036  to  iooooo> 

I 4 which 
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which  is  nearly  the  fame  ratio  as  that  which 
is  deduced  from  the  refra&ions  of  the  hea- 


the air  is  the  fnedium  of  found.  A beli  or 
frnall  alarm  clock,  being  rung  in  the  exhaufted 
receiver,  gives  no  found,  but  if  the  air  be 
admitted,  the  lound  gradually  becomes  louder 
and  louder,  till  the  air  in  the  receiver  be  of  ■ 
the  fame  denfity  with  that  of  the  atmofphere, 
at  which  time  the  found  is  no  otherwife 
weakened,  than  on  account  of  the  receiver 
by  which  the  bell  is  covered. 

We  have  frequently  mentioned  the  re- 
finance of  the  air.  The  quantity  of  this 
refinance  is  very  confiderable,  and  may  be 
difcovered  by  calculations  grounded  on  the 
principles  laid  down  at  Ch.  4.  Sedt.  3.  of 
this  book.  Were  it  not  for  this  refinance, 
all  bodies  falling  together  from  the  lame 
height,  would  arrive  at  the  ground  in  the 
fame  time.  This  is  fhewn  in  the  air-pump ; 
for  if  a guinea  and  a feather  be  let  fall  to- 
gether from  the  top  of  a tall  exhaufied  re- 
ceiver, they  both  arrive  at  the  bottom  at  the 
fame  infiant. 


venly  bodies. 


It  is  likewife  proved  by  the  air-pump,  that 
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Among  the  very  numerous  instances  of  the 
ufefulnefs  of  this  instrument,  we  Shall  men- 
tion but  two  more  ; namely,  the  difcovery 
of  the  abfolute  neceffity  of  air  for  the  pre- 
fervation  of  life  in  moft  animals,  and  for 
the  production  and  continuance  of  flame. 
Moft  animals,  when  included  in  the  exhaufted 

[receiver,  are  obferyed  to  die  in  about  five 
minutes,  though  the  time  is  various  in  dif- 
ferent fpecies,  and  they  recover  again  for  the 
moft  part,  if  the  air  be  again  admitted  with- 
out being  withheld  too  long.  A lighted 
candle  being  placed  under  the  receiver,  is  ex- 
tinguifhed  at  the  beginning 'of  the  rarefaction, 
and  the  fmoke  hovers  about  the  top  of  the 
receiver;  but  when  the  air  is  ftill  more  ra- 
refied, it  fubfides  to  the  bottom,  as  being 
fpecifically  heavier.  Gun-powder  may  be 
lighted  in  vacuo,  by  means  of  a hot  iron  or  a 
burning-glafs,  but  it  explodes  grain  by  grain, 
in  a diffeient  manner  from  what  it  does  in 
the  open  air  ; and  phofphorus  fhines  even 
more  in  vacuo  than  in  the  open  air. 

BOOK 
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SECT.  I. 

» 

Of  Chemijlry . 

THE  phenomena  which  are  explained 
in  the  foregoing  part  of  this  work, 
are  chiefly  fuch  as  depend  on  a very  few  firft 
principles,  and  are  in  general  ealily  accounted 
for,  by  a fynthetical  reference  to  them.  But 
that  part  of  natural  philofophy  which  re- 
mains to  be  conlidered,  is  (till  in  the  pro- 
cefs  of  analyzation.  It  is  difficult  to  abridge 
a fcience  which  is  almoft  purely  experimen- 
tal, and  which  therefore  confifts  of  many 
fa&s  and  little  theory ; f nee  every  attempt  at 
brevity  muft  be  attended  with  fome  omiffion, 
perhaps  of  importance.  In  this  department 
of  phyfics,  error  furrounds  us  on  all  fides. 

When 
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When  we  attend  to  the  fpecific  properties  of 
bodies,  we  continually  find  ourfelves  at  a 
lofs : and  it  is  at  prefent  quite  uncertain, 
whether  figure,  denfity,  progreffion,  vibra- 
tion, and  other  mechanical  affedtions,  which 
we  obferve  in  aggregate  mafTes,  be  of  any 
great  confequence  to  the  adtions  which  take 
place  among  the  particles.  We  fhall  there- 
fore proceed  to  treat  of  chemiftry  with  that 
diffidence  and  caution  which  the  intricacy  of 
the  fubjedt  demands. 


CHAP. 
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CHAP.  I. 

Of  Chemijlry  ; and  the  Methods  of  decompound- 
ing Bodies . 

. i , 

CHEMISTRY  is  a fcience  which  re- 
lates to  thofe  properties  of  bodies  which 
feem  to  be  fpecific,  and  do  not  apparently 
depend  on  any  organization  or  evidently  me- 
chanical operation  of  their  parts. 

The  obvious  method  of  examining  any 
compound  fubjedt  is  to  attend  feparately  to  the 
parts  of  which  it  is  compofed.  This  method  is 
adopted  by  natural  philofophers  in  their  en- 
quiries into  the  properties  of  bodies. 

The  parts  of  fome  bodies  may  be  me- 
chanically feparated  from  each  other  by  pul- 
verizing and  immerfing  the  powder  in  a fluid, 
whofe  fpecific  gravity  is  intermediate  between 
that  of  the  feveral  particles  ; in  which  cafe  they 
will  be  feparated  by  the  lubfidence  of  the  hea- 
vier : thus,  clay  and  fand  may  be  feparated  by 
means  of  water ; the  fand  immediately  fub- 

fides,  and  the  clay  and  water  may  be  de- 
canted 
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canted  off.  Powders  may  alfo  be  feparated 
by  filtration  or  draining,  the  larger  particles 
remaining  on  the  filter,  and  the  fmaller  paf- 
fing  through.  But  this  cannot  with  pro- 
priety be  called  decompofition,  and  is  totally 
infufficient  for  chemical  purpofes. 

If  an  uniform  compounded  body  be  fup- 
pofed  to  be  divided  into  the  fmallefl:  parts 
which  are  pofiible,  fo  that  thofe  parts 
may  be  of  the  fame  nature  as  the  mafs 
itfelf,  the  body  is  faid  to  be  mechanically 
divided,  and  thefe  fmallefl:  parts  are  called 
integrant  parts  but  if  the  divifion  be  carried 
farther,  the  body  is  faid  to  be  decompounded, 
and  the  parts  are  called  conftituent  parts  or 
principles.  Thus  for  example,  fulphur  is 
found  to  confift  of  an  acid  united  with 
phlogifton,  or  the  principle  of  inflammability : 
if  this  fulphur  be  imagined  to  be  gradually 
reduced  to  the  fmallefl:  particles,  the  divifion 
is  faid  to  be  mechanical  as  long  as  the  parti- 
cles continue  to  be  fulphur ; when  the  di- 
vifion is  carried  fo  far  that  it  cannot  be  con- 
tinued without  feparating  the  particles  of 
acid  from  the  phlogifton,  thofe  fmallefl;  par- 
ticles of  fulphur  are  called  its  integrant  parts ; 

but 
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but  when,  by  continuing  the  divifion,  the 
particles  ceafe  to  be  ftmilar,  and  are  feparated 
into  acid  and  phlogifton,  the  body  is  faid  to 
be  decompounded,  and  the  acid  and  phlogifton 
are  faid  to  be  the  conftituent  parts  or  prin- 

i 

ciples  of  the  compound  fulphur. 

Numberlefs  experiments  prove,  that  the 
attraction  of  cohefion  by  which  bodies  are 
united  into  maffes,  is  fubjeCt  to  very  con- 
fiderable  mutations.  The  varying  hardnefs, 
elafticity,  &c.  of  different  bodies,  prove 
that  its  force  is  not  uniform  after  the  rate 
of  the  mafs,  like  gravity.  It  is  found  to 
be  ftronger  or  weaker  between  different 
bodies  in  like  circumftances  j and  the  ad- 
heffon  of  the  parts  of  the  fame  body  is 
greater  or  lefs,  accordingly  as  the  tempe- 
rature of  the  body  with  refpeCt  to  heat  is 
lefs  or  greater. 

The  attraction,  by  which  one  body  unites 
with  another  and  forms  a compound,  is 
called  its  affinity  with  that  body.  Thefe 
affinities  are  likewife  termed  elective  at- 
tractions, on  account  of  their  variations  of 
force  with  refpeCt  to  different  bodies  : thus 

the  affinity  or  elective  attraction  of  water 

to 
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to  fpirit  of  wine  is  greater  than  to  nitre ; 
for,  if  fpirit  of  wine  be  poured  on  a 
flrong  folution  of  nitre  in  water,  the 
water  unites  with  the  fpirit,  quitting  the 
nitre,  which  immediately  falls  to  the  bot- 
tom in  its  proper  form. 

The  quantity  of  the  attraction  of  cohe- 
flon  in  the  parts  of  the  fame  body  is  fuf- 
ceptible  of  great  variety,  according  to  the 
temperature  with  refpeCt  to  heat.  If  the 
heat  exceed  not  a certain  degree,  the  body 
is  l'olid ; if  the  heat  be  greater,  the  body 
is  fluid  or  melted ; a ftill  greater  degree 
of  heat  feems  entirely  to  deftroy  the  at- 
traction, which  is  then  turned  into  repulfion, 
and  the  particles  confequently  recede  from 
each  other,  and  the  body  puts  on  the  form 
of  an  elaftic  fluid  or  vapor.  The  limits,  at 
which  thefe  changes  happen,  differ  exceed- 
ingly in  various  bodies.  Some  bodies,  as 
quickfilver,  require  an  extreme  degree  of 
cold  to  become  folid;  others,  as  air,  con- 
tinue elaftic  in  every  temperature  we  can 
obtain  on  earth  ; and,  on  the  contrary,  there 
are  bodies,  for  inflance,  the  calx  of  tin, 
which  will  not  melt  without  the  greatefl 

heat. 
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heat.  It  is  probable,  that  there  are  no  two 
bodies  which  agree  in  thefe  refpeCts. 

Thofe  bodies  which  endure  the  utmoft 
violence  of  heat  without  being  converted 
into  vapor,  or  enduring  any  change  except 
in  figure,  are  called  fixed : thofe  which  eafily 
rife  in  the  form  of  vapor,  are  called  vo- 
latile. Thefe  terms  are  merely  relative. 
There  is  great  reafon  to  think,  that  all 
bodies  might  be  converted  into  vapor  by  a 
heat  fufficiently  great. 

Bodies  are  decompounded  either  by  al- 
tering their  temperature,  or  by  the  elec- 
tive attraction  of  fome  other  body.  Thus, 
if  there  be  two  bodies,  fait  and  water,  for 
example,  whofe  fixity  is  very  different,  a 
fufficient  heat  will  deftroy  the  attraction  be- 
tween them ; and  the  water,  being  more  vo- 

i 

latile,  will  fly  off  in  vapor.  On  the  con- 
trary, a great  degree  of  cold  will  caufe  the 
fait  to  feparate  in  part  from  the  water,  in 
its  folid  form,  probably  becaufe  the  mutual 
attraction  of  the  parts  of  the  fait  is  more 
augmented  by  cold,  than  the  attraction 
which  lubfiffs  between  the  fait  and  the 

water. 
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wate!*.  The  fecond  method  of  decom- 
pounding, is,  by  prefen  ting  a body  which 
has  a Wronger  affinity  with  one  of  the  prin- 
ciples of  the  body  to  be  decompounded 
than  its  remaining  principles  have.  Com- 
mon fait,  for  example,  confifts  of  two  prin- 
ciples, which  are  known  by  the  name  of 
marine  acid  and  mineral  alkali.  “Tf  the  add  of 
vitriol  be  added,  it  unites  with  the  mineral 

E alkali,  by  means  of  its  Wronger  affinity, 
and  the  marine  acid  Hies  off  in  the  form 
of  vapor. 

It  is  evident,  from  all  the  phenomena, 
that  the  attradlion  of  cohe’fion  is  greater, 
in  like  circum fiances,  the  nearer  bodies 
approach  to  each  other.  For  this  reafon, 
the  parts  or  a folid  body  mud:  attract  each 
other  with  more  force  than  they  can  be  at- 
tracted by  another  folid  body  which  cannot 
3 ne  brought  into  any  perfect  or  extenfive 
rj  contact  with  them.  Cold  therefore,  by  ren- 
I dering  bodies  fohd,  prevents  the  elective 
attractions  from  appearing  in  any  confi- 
3 derable  degree  : and  on  the  contrary,  the 
‘ greater  the  degree  of  heat  the  more  perfectly 
I Vol.  II.  K 
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in  general  do  the  affinities  exert  themfelves ; 
for  fluid  bodies  or  vapors  may  permeate 
and  mix  with  each  other  in  every  poffible 
manner. 


CHAP.  II. 

4 

Of  Heat  aud  the  Manner  of  -performing 
chemical  Operations. 

SINCE  heat  is  fo  univerfal  an  agent  in 
all  chemical  procefles,  it  will  be  ne- 
ceflary  to  enquire  into  its  properties  before 
we  proceed  to  particulars. 

Pleat  then  is  that  jftate  in  which  bodies 
are,  when  they  convey  a peculiar  fenfation 
to  the  organ  of  feeling,  which  is  vulgarly 
known  by  the  fame  term.  The  caufe  of 
that  flate  is  alfo  frequently  denoted  by  the 
fame  word  ; but  w'e  propofe  to  confine  our- 
felves  to  this  Angle  acceptation. 

This  definition  of  heat  is  relative  to  the 
fenfe  of  touch,  and,  as  that  fenfe  varies  in 
its  notices,  according  to  the  temperature  of 
the  human  body,  it  is  by  no  means  ac- 
curate 
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curate  enough  for  philofophical  purpofes. 
Underground  cellars,  which  appear  cool  in 
fummer,  are  fenfibly  warm  in  winter ; but 
the  difference  confifts  only  in  the  relative 
heat  or  cold  of  the  body  of  the  obferver 
with  refpe6l  to  the  air  in  the  cellar.  Water 
which  appears  warm  to  one  hand  may  feem 
cold  to  the  other,  if  the  hands  be  not 
equally  warm  ; and  in  the*  autumn,  when 
the  winter  is  juft  beginning  to  approach, 
numbers  think  the  weather  exceedingly  cold, 
while  the  perceptions  of  others  are  very  little 
affedted.  Thefe  and  other  ftmilar  circum- 
ftances  indicate  the  neceftity  of  attending  to 
other  appearances  which  accompany  the 
ftate  of  heat,  and  are  lefs  equivocal. 

In  a more  enlarged  and  ufeful  fenfe,  it  may 
therefore  be  proper  to  fay,  that  heat  is  a 
ftate  or  temperature,  in  which  the  dimen- 
fions  of  uniform  bodies  are  augmented  : and 
the  greater  the  augmentation  the  greater  the 
heat  is  faid  to  be. 

But  in  what  does  this  ftate  confift  ? The 
increafe  of  bulk  is  only  a collateral  circum- 
ftance.  Does  heat  confift  of  particles  of 
aftonifhing  fubtilty,  which  permeate  the 

K 2 denfeft 
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den  fed  bodies  without  difficulty, which, 

being  endued  with  a peculiar  and  rapid  mo- 
tion, are  in  themfelves  effentially  fluid,  and 
the  caufe  of  agitation  and  fluidity  in  other 
bodies  ? — or,  is  it  no  more  than  a certain 
motion  or  vibration  impreffed  on  the  parts  of 
bodies,  which  prevents  contact  and  cohefion  in 
proportion  as  it  is  more  or  lefs  violent ; and 
which,  if  encreafed  beyond  a certain  degree, 
throws  the  particles  out  of  the  limit  of  at- 
traction, and  caufes  repulfion  to  take  place  ? 
This  fubjedt  is  furrounded  with  difficulties. 

It  is  ufual  to  judge  of  the  quantity  of 
heat  by  the  increments  of  the  bulks  of  bodies. 
Thus,  if  the  quickfilver  in  the  tube  of  a 
thermometer  be  raifed  five  degrees  beyond  a 
certain  ftandard,  by  being  immerfed  in  a 
fluid,  and  after  that,  be  immerfed  in  another 
fluid,  and  raifed  by  that  means  ten  degrees, 
we  fay,  the  quantity  of  heat  in  the  latter 
is  twice  as  great  as  in  the  former  fluid. 

But  this  method  of  reafoning  is  erroneous: 
for  whatever  heat  may  be,  the  thermometer 
can  only  fhew  when  the  quantities  in  two 
bodies  are  equal,  or  indicate  that  one  of  the 

bodies  is  hotter,  without  fixing  the  ratio  of 

the 
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the  quantities  of  heat.  The  expanfion  of 
bodies  very  probably  follows  fome  direfh 
ratio  of  the  quantity  of  heat ; but  whether 
that  ratio  be  limply  as  the  increments  of 
the  bulks,  or  whether  it  follow  any  other 
law,  has  not  yet  been  determined. 

Heat  feems  to  be  a ftate  of  force  on  bodies. 
The  a&ion  of  the  Sun  caufes  that  heat 

1 which  prevents  all  bodies  from  congeal- 
ing into  abfolute  rigidity  and  inaction.  And 
it  is  probable  that  there  is  no  body  on 
earth  entirely  deprived  of  heat.  The  means 
by  which  heat  is  produced,  or  to  /peak 
more  properly,  augmented,  are  firft,  the 
adtion  of  the  rays  of  light,  fecondly,  the 
collifion  of  bodies,  and  thirdly,  the  mutual 
concurrence  of  two  bodies,  whole  affini- 
ties to  each  other  are  very  ftrong. 

What  can  be  more  natural  than  to  fup- 
3 pofe,  that  the  parts  of  bodies  are  put  into 
; a vibrating  motion  by  the  fwift  and  repeated 
' h-rokes  of  the  particles  of  light  ?— Can  the 
3 colliiion  of  flint  and  Heel  be  performed  with- 
out a very  violent  agitation  at  the  place  of 
3 contadt  ?— And  is  not  there  the  higheft  pro- 
•J  babihty,  when  the  particles  of  two  fluids, 

K 3 for 
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for  example,  water  and  the  vitriolic  acid, 
rufh  together  by  means  of  a ftrong  affinity, 
that  a great  inteftine  motion  muft  take 
place  before  the  parts  are  refpedtively  fo 
fttuated,  as  that  their  mutual  tendency  fhall 
be  fatisfied  as  much  as  circumftances  admit  ? 
It  is  fcarcely  hypothetical,  then,  to  affirm 
that  heat  is  always  accompanied  with  an 
inteftine  motion  of  the  parts  of  bodies. 
And  if  this  inteftine  motion  be  of  itfelf 
fufficient  to  account  for  the  phenomena  of 
heat,  why  fhould  we  multiply  caufes,  and 
call  in  the  aftiftance  of  a fluid  to  which 
we  muft  give  a number  of  furprifing  pro- 
perties, namely,  continual  adtivity,  eflential 
fluidity,  and  a fubtilty  fo  amazing,  as  to 
enable  it  repeatedly,  without  a poffibility  of 
defledtion,  to  pais  through  the  denfeft  bodies, 
without  leaving  a trace  of  its  having  been 
there  ? 

It  is  true  that  obfcurity  will  always  attend 
fpeaking  concerning  a lubjedt  which  is  very 
little  known.  We  do  not  know  the  nature 
of  this  motion,  nor  how  it  is  propagated, 
but  its  exiftence  can  hardly  be  doubted;  and 
when  we  look  without  prejudice  into  the 
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regions  of  conjedture,  it  appears  at  leafe  as 
eafy  to  conceive,  that  bodies  may  be  con- 
ftrucfted  to  vibrate  more  or  lefs  readily,  as 
that  they  fhould  have  greater  or  lefs  capa- 
cities  for  imbibing  a fluid  called  heat. 

On  the  other  hand,  it  muft  be  confeffed, 
that  mere  motion  or  its  abfence  feems  in- 
efficient to  account  for  the  cold  produced 
during  the  combination  of  water  with  fal 
ammoniac,  or  that  very  intenfe  cold  which 
is  obtained  by  the  evaporation  of  either. 

If  a number  of  bodies  pofTeffed  of  various 
degrees  of  heat  be  put  into  contact,  the 
heat  is  communicated  from  the  one  to  the 
other,  fo  that  they  will  all,  at  length  arrive 
at  the  fame  temperature.  'On  this  account 
bodies  heated  beyond  the  temperature  of 
the  circumambient  air  and  veffel  in  which 
they  are  contained,  muft  return  to  that 
temperature  more  quickly  than  they  would 
other  wife  do. 

All  fixed  bodies,  if  heated  beyond,  a cer- 
tain degree,  emit  light  and  fhine  : and  if  cer- 
j tain  bodies,  which  contain  a principle  called 
phlogifton,  be  made  very  hot,  with  accefs  of 
puieair,  the  heat  will  increafe,  and  be  commu- 

4 nicated 
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nicated  without  diminution,  from  one  body 
to  another,  till  the  bodies  are  in  a very 
Confiderable  degree  decompounded,  and  the 
phlogiflon  diffipated,  This  remarkable  phe- 
nomenon is  called  combufiion  or  burning. 

Does  not  this  appearance  greatly  depend 
on  the  affinity  between  pure  air  and  phlo- 
giflon ? A certain  degree  of  heat  diminifhes 
-the  attra&ion , between  the  phlogiflon  and 
the  other  principles  of  the  body  which 
contains  it,  and  allows  the  affinity  be- 
tween air  and  phlogiflon  to  take  place. 
They  rtjffi  together  and  exceedingly 
increafe  the  heat,  which  mufl  continue 
without  diminution,  as  long  as  the  body 
continues  to  afford  phlogiflon  to  comr 
bine  with  the  air. 

The  moil  convenient  pradical  method 
of  producing  heat  in  a given  body,  is  by 
applying  it  to  other  bodies,  which  are  in 
the  ad  of  combufiion.  A much  greater  de- 
gree of  heat  is  procured  by  converging  the 
Sun’s  rays  by  a lens  or  mirror,  but  the  fo- 
cus is  not  extenfive  enough  to  be  generally 
pfeful.  The  heat  produced  by  means  of  a 
fiim  gnd  heel,  fepms  to  be  even  greater  than 

that 
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that  which  is  generally  obtained  by  a burn- 
ing-glafs  ; for  the  fparks  or  particles  of  flint 
which  are  ftruck  off,  appear,  when  ex- 
amined by  the  microfcope,  to  have  been 
completely  vitrified,  or  reduced  to  glafs. 
It  may  be  readily  imagined,  that  the  heat, 
which,  in  an  inftant,  produces  this  effedt  on 
a fubftance  fo  refradtory  as  flint,  muft  be 
extremely  violent. 

Combuftion  depending  fo  much  on  the 
accefs  of  air,  it  follows,  that  it  muft  be 
more  violent  in  proportion  as  the  air  is 
more  plentifully  fupplied.  Hence  the  ufe 
of  the  bellows.  But  in  moft  proceffes  in 
which  fire  is  employed,  it  is  inconvenient 
to  ufe  them,  and  yet  a conftant  fupply  of 
air  is  neceflary.  For  this  purpofe  furnaces 
have  been  invented  of  a great  variety  of 
forms  and  magnitudes,  according  to  the 
intention  they  were  meant  to  ferve. ' It  will 
be  fuiticient  to  give  a general  idea  with- 
out entering  into  a detail  on  this  fubjedtj 
we  fhall  therefore  defcribe  only  a few  of 
the  inftruments  by  which  bodies  are  ex- 
pofed  to  the  adtion  of  heat. 
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Fig.  127.  is  a vertical  fedion  of  the  air 
melting-furnace.  A is  the  door  of  the 
a (h- hole,  C a grate  at  the  bottom  of  the 
fire-place,  which  is  covered  at  top  with  a 

Jiat  done,  F.  Ihe  communication  between 

the  chimney  E and  the  fire-place  is  fide- 
ways  at  G;  and  the  manner  of  its  per- 
formance may  be  thus  explained.  The  done 
F being  taken  off,  a crucible  (fig.  i2g>) 
containing  the  matter  intended  to  be  melt- 
ed  or  burnt,  is  placed  on  a dand  at  C,  and 
covered  with  a tile : it  is  then  furrounded 
and  covered  with  burning  charcoal,  and  the 
done  replaced  at  F.  The  heated  charcoal 
rarefies  the  air  contained  in  the  fire-place, 
which  becoming  fpecifically  lighter  than  the 
external  aii,  mud,  upon  the  principles  of 
hydrodatics,  alcend  up  the  chimney.  A con- 
uant  cunent  of  air  therefore  rudies  through 
the  afia-hole,  and  urges  the  fire ; and  this 
current  will  be  more  or  lefs  fwift,  the 
longer  the  column  of  rarefied  air.  If 
th^  cover  be  taken  off  at  F,  the  air 
will  make  its  efcape  almod  immediately 
after  pafiing  through  the  fire,  and  be- 
coming quickly  cool,  by  the  contact  of  the 

external 
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external  air,  the  current  will  not  be  very 
rapid ; but  if  on  the  contrary  F be  covered, 
the  heated  air  will  afqend  through  the  long 
chimney  E,  without  being  much  condenfed. 
It  will  therefore  be  expofed  a much  longer 
time  to  the  addon  of  the  air  which  prefles 
in  at  B,  and  will  continually  increafe  its 
velocity  till  it  iflues  with  great  rapidity 
at  H.  The  current  of  air  by  which  the 
fire  is  excited,  will  confequently  be  much 
more  violent  in  this  latter  cafe  than  in  the 
former. 

In  the  opening  or  flue  G,  in  the  figure 
is  placed  a flat  crucible  D,  fomewhat  re- 
fembling  a falt-fellar.  It  is  called  a cupel, 
and  is  ufed  by  aflayers  for  purifying  gold  or 

Ifilver.  Thole  metals  are  expofed  together 
with  lead  to  the  adion  of  the  flame  which 
pafles  through  G : the  heat  vitrifies  the 
lead,  which  combines  with  the  bafer  me- 
tals, and  foaking  into  the  cupel,  leaves  the 
gold  or  fiiver  in  a hate  of  great  purity. 
Fig.  129.  is  a perfpedive  view  of  the  re- 

Iverberatory  furnace.  A is  the  fire-place,  E 
the  cub - hole,  and  B the  dome  by  which 
the  flames  are  reverberated  or  refleded  on 

I the 
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the  upper  part  of  the  veflel  C,  denoted  bv 
the  dotted  curve  line.  The  veflel  C,  off 
which  fig.  130.  is  a drawing,  is  called  ai 
retort,  and  is  ufually  made  of  glafs  or  clay, 
according  to  the  firength  of  heat  it  is  in- 
tended to  endure.  D is  the  receiver,  into 
which  the  nofe  of  the  retort  is  fixed  by  means 
of  clay : this  is  alfo  of  glafs,  and  has  a 
fmall  perforation  in  the  upper  part  of  its 
neck,  to  prevent  its  burning  by  means  of  the 
rarefied  vapors.  The  method  of  ufing  this 
apparatus  is  obvious.  The  fubjedt  to  be 
analyzed  is  put  into  the  retort,  and  ex- 
pofed  to  the  fire ; the  volatile  parts  rife  in 

the  form  of  vapor,  and  pafs  over  into  the 

• 

receiver,  which  being  cold,  condenfes  the 
greater  part  of  them  into  a liquid.  But 
if  the  body  be  of  fuch  a nature,  that  its 
volatile  principles  adhere  too  ftrongly  to 
its  fixed  part,  the  volatile  parts  mufi  be 
detached  by  means  of  an  additional  fub- 
fiance,  whofe  eledive  attradion  towards  the 
fixed  part  is  greater.  This  has  already 
been  obferved  in  the  laffc  chapter,  and  the 
infiance  there  adduced  will  again  ferve 
our  purpofe  of  explanation.  Pure  common 

fait, 
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fait,  which  confifts  of  the  fixed  mineral  al- 
kali, and  an  acid  of  confiderable  volatility, 
called  the  marine  acid,  will  endure  a very 
ftrong  fire  without  being  decompounded, 
but  if  the  acid  of  vitriol  be  added,  its 
ftronger  affinity  with  the  mineral  alkali 
will  form  a new  compound,  called  Glauber’s 
fait ; and  the  marine  acid  being  detached, 
will  eafily  arife  in  fumes  and  become  con- 
denfed  into  a fluid  in  the  receiver.  This 
procefs  is  called  diflillation. 

If  a body  being  expofed  to  the  adtion 
of  fire,  rife  either  entirely  or  in  part, 
and  the  volatile  fumes  becoming  condenfed 
into  a dry  powder  adhere  to  contiguous 
bodies  ; as  for  example,  a part  of  burning 
fuel  adheres  to  the  chimney  in  form  of 
foot:  the  procefs  is  called  fublimation,  and 
the  powder  is  called  flowers.  Thus  flowers 
of  Benjamin,  flowers  of  antimony,  &c.  are 
parts  of  thofe  fubftances  which  are  raifed 
by  fublimation. 

It  may  feem  firange  at  firfl:  confider- 
ation,  that  heat,  which  diminiffies  the 
attractions  of  the  parts  of  bodies,  fhculd 


caufe  feveral  affinities  to  exert  themfelves 

which 
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which  were  not  apparent  in  a colder  ftate: 
but  not  to  mention  the  reafon  alledged  at  the 
conclufion  of  the  laft  Chapter,  it  feems  natu- 
ral to  imagine,  that  the  weaker  affinities  are 
deftroyed  by  lefs  heat  than  the  ftronger.  Thus 
the  affinity  between  the  marine  acid  and  the 
mineral  alkali  being  deftroyed  by  a degree  of 
* ^eat  which  is  infufficient  to  deftroy  the  affi- 
nity between  tne  acid  of  vitriol  and  mineral 
•alkali,  this  laft  affinity  mtfft  exert  itfelf  much 
more  evidently  than  before. 

It  is  not  probable  that  bodies  have  any 
chemical  adtion  on  each  other,  except  when 
one  or  more  of  them  is  either  in  a fluid  or 
•vaporous  ftate.  When  a folid  body  is  com-  ' 
bined  with  a fluid,  it  is  faid  to  be  held  in 
folution,  or  diflolved  in  the  fluid.  'In  this 
ftate  of  folution  bodies  diffufed  in  fluids  are 
actuated  according  to  their  affinities  with  each 
other,  and  with  the  fluid  which  fuftains 
them.  The  method  of  analyzing  or  com- 
pounding by  means  of  a fluid  whofe  tempe- 
rature does  not  conflderably  differ  from  that 
of  the  atmofphere,  is  called  the  moift  way, 
in  contradiftindtion  to  the  other  method,  in 
which  a ftrong  heat  is  ufed,  and  which  is 

termed 
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termed  the  dry  way.  The  intermediate  fluid 
by  whofe  means  the  affinities  are  exhibited  is 

I called  a medium  ; but  when  its  power  of  dif- 
folving  is  only  adverted  to,  i't  is  called  a men- 
ffiruum. 

As  the  effects  of  the  mutual  attraction  be- 
. tween  two  loadffones  are  not  feen  while  the 

! load  (tones  lie  on  a table,  but  become  evident 
as  foon  as  they  are  made  to  float  at  liberty  011 
the  furface  of  water ; fo  the  affinities  between 
the  parts  of  two  bodies,  which  are  held  in 
folution,  and  move  readily  in  all  directions  in 
a menftruum,  may  become  manifeft  upon  a 
fimilar  principle. 

A menftruum  at  a given  temperature  will 
hold  in  iolution  no  more  than  a limited 
quantity  of  any  fubftance.  This  quantity 
depends  on  the  temperature  of  the  men* 
ftruum,  and  the  affinity  which  obtains  be- 
tween it  and  the  body  to  be  diffiolved.  A 
menftruum  is  laid  to  be  faturated  with  a body 
when  it  has  diffiolved  as  much  as  it  can  ful- 
tain;  and,  perhaps  univerfally,  a faturated 
|l  menftruum  will  not  diffiolve  any  additional 
f quantity  of  the  matter  it  is  faturated  with. 
1 An  increafe  of  heat  in  general  eaufes  a men- 
3 ftruum 
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jftruum  to  diffolve  and  fudain  more  than  it 
other  wife  would.  This  Seems  to  contradict 
the  general  pofition,  that  heat  diminilhes  the 
attractions  between  bodies ; but  if  we  advert 
more  minutely  to  the  circumdances  of  the 
faCt,  tnis  conclusion  will  not  appear  to  be 
well  founded.  Let  us  fuppofe,  for  an  in  dance, 
that  fait  is  the  fubdance  with  which  it  is 
propofed  that  water  Shall  be  faturated.  It 


is  evident,  that  if  the  attraction  between  the 
particles  of  the  fait  refpeCtively,  were  Stronger 
than  that  which  obtains  between  them  and 
the  particles  of  water,  the  fait  would  retain 
its  folid  form  ; that  is  to  fay,  it  would  not 
be  diffolved.  But  it  is  diffolved  ; and  there- 
fore the  affinity  between  the  water  and  fait  is 
the  Stronger : confequently  the  fait  mud  be 
difunited  or  diffolved  by  a force  which  is  the 
difference  between  thefe  two  attractions  : and 
Since  heat,  as  has  already  been  obferved,  de- 
stroys a weaker  Sooner  than  a dronger  affi- 
nity, the  proportion  of  the  dronger  to  the 
weaker  mud  continually  increafe  as  the  latter 
approaches  to  dedruCtion.  The  effeCts  mud 
likewife  increafe,  from  whence  it  will  hap- 
pen, that  the  heated  mendruum  will  more 
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I readily  diffolve,  and  fuftain  in  greater  quan- 
tity, than  when  cold. 

It  is  manifeft  that  the  attractions  on  which 
chemical  appearances  depend,  muft  diminish 
i while  the  diftance  of  the  particles  increafes ; 

: for,  other  wife  we  fhould  perceive  their  effects 
between  remote  bodies  of  fenfible  magnitude. 
The  phenomenon  of  faturation  may  probably 
depend  on  this  property.  Let  A (fig.  13  1.) 

treprefent  a particle  of  water,  and  B,  C,  D, 
E,  F,  G,  particles  of  fait  adhering  to,  and 
furrounding  it.  The  particle  H,  therefore, 
being  of  neceffity  prevented  from  coming 

! within  a certain  diftance  of  A,  will  be  but 
weakly  attracted.  If  the  attraction  of  A on 
H in  this  fituation,  be  inefficient  to  detach  it 
from  the  mafs  I,  K,  L,  M,  &c.  the  particle 
, A may  be  faid  to  be  faturated. 

But  if  inftead  of  H,  a particle  of  entirely 
another  nature  be  prefented,  with  which  A 
has  a greater  affinity  than  with  B,  C,  D,  E, 

. &c.  it  may  be  attracted  fo  as  to  become  at- 
tached  to  A without  removing  thofe  other 
particles  : A being  faturated  with  particles  of 
one  kind,  may  therefore  notwithstanding  hold 
others  of  a different  kind  in  folution.  Or,  if 
Vol.  II,  L this 


Saturation. 


146 

this  laft  affinity  be  fuppofed  much  greater, 
the  particle  may  force  irfelf  between  C and 
D,  and  by  removing  one  or  more  of  the  con- 
tiguous particles  out  of  the  fphere  of  attrac- 
tion, caufe  it  to  fall  to  the  bottom  of  the 
fluid.  And  fo  of  other  particles. 

It  may  be  neceffary  to  remind  the  learner, 
that  thefe  kind  of  fpeculations  which  relate  to 
the  particles  of  bodies,  are  in  a great  meafure 
conjectural,  and  are  to  be  made  with  pru- 
dence and  caution.  A perfon  of  a lively  ima- 
gination may  eafily  acquire  a facility  at  mak- 
ing them,  and  by  that  means  indulge  a paf- 
fion  for  hypothetical  theory,  which  will  foon 
deprive  him  of  that  fceptical  and  cool  fpirit 
of  enquiry  which  is  the  firft  requifite  in  a 
philofopher. 

When  a body  of  fufficient  magnitude  is 
immerfed  in  a menftruum,  already  faturated 
with  fome  other  body  with  which  the  men- 
ftruum has  a lets  affinity  than  with  the 
body  la  ft  immerfed,  it  will  let  go  the  firft 

J 

body,  or  fome  of  its  principles,  and  diffolve 
the  other.  The  body,  which  thus  -falls  to  the 
bottom  in  the  form  of  powder,  is  faid  to  be 
precipitated,  and  the  powder,  if  it  differ  from 
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the  body  firft  diffolved,  is  called  a precipitate. 
For  example  ; if  copper  be  immerfed  in  the 
acid  of  nitre,  previoufly  faturated  with  fiver* 
the  copper  is  diiTolved,  and  the  filver  is  pre- 

■ - * i 

cipitated  in  irs  natural  flate,  but  in  powder. 
But  if  indead  of  copper  an  alkaline  fait  be 
immerfed,  the  filver  is  precipitated  in  the 
; form  of  a white  powder  called  precipitate  of 
filver  : in  this  latter  cafe  the  filver  leaves  a 
minute  proportion  of  one  of  its  principles  in 

c the  acid. 

Organ  ifqd  bodies,  that  is  to  fay,  Vegetable 
i and  animal  fubflances,  confift  of  a mafs  of 
various  compounded  fluids  contained  in  cer- 
tain veffels.  Thefe  bodies  are  conferved  dur- 
n ing  life,  by  means  very  little  known  to  us  i 
but  when  the  vital  motion  ceafe?,  the  fluids 
change,  the  folids  are  destroyed  and  in  a 
great  meafure  diiTolved,  decompof  tions  enfue* 
and  a variety  of  new  combinations  take  places 
•.  The  heat  of  the  atmoiphere  is  commonly  fuf* 
j ficient  to  ...If  ct  this  change,  which  is  denoted 
by  the  general  term  fermentation. 

Fermentation  taking  place  only  in  Very 
compounded  bodies,  is  by  no  means  well 
underflood : it  is  ufually  diftinguifhed  into 

I*  % three 
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three  different  ftages ; namely,  firft,  the  fpi- 
rituous  or  vinous  fermentation,  in  which  a 
great  quantity  of  noxious  or  fixable  air  is  de- 
tached from  the  mafs,  and  a very  volatile  and 
inflammable  fubftance,  called  fpirit,  is  pro- 
duced, which  is  eafily  feparated  by  distilla- 
tion. Secondly  ; the  acetous  fermentation, 
by  which  the  mafs  is  rendered  four,  and 
vinegar  is  produced.  And  thirdly ; the  pu- 
trefa&ive  fermentation,  in  which  a large 
quantity  of  pungent  volatile  alkaline  fait  is 
produced.  Thefe  ftages  always  fucceed  each 
other  in  the  above  order.  Bodies  fufceptible 
of  the  vinous  may  afterwards  undergo  the 
acetous,  and  laftly,  the  putrefactive  fermen- 
tation i but  there  is  no  poflibility  of  inverting 
the  order.  Bodies  which  are  in  the  date  of  the 
acid  fermentation,  though  they  may  not  have 
undergone  the  vinous  fermentation,  are  only 
capable  of  proceeding  to  the  putrefactive  fer- 
mentation ; and  thofe  which  direCtiy  acquire 
the  putrefactive  fermentation  are  incapable  of 
either  of  the  others. 

The  moft  volatile  of  all  fubftances,  per- 
manently elaftic  vapor,  or  air  excepted,  are 
thofe  which  are  obtained  by  fermentation. 

The 
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The  reverberatory  furnace  is  calculated  for 
extricating  the  volatile  parts  of  fuch  fubftan- 
ces  as  require  a great  heat  for  that  purpofe. 
But  for  obtaining  the  volatile  products  of  fer- 
mented bodies,  the  form  of  the  apparatus  is 
confiderably  varied.  Fig.  132.  is  an  alembic 
or  dill.  A denotes  the  body  or  cucurbit, 
placed  on  a furnace,  and  the  dotted  lines  at 
B reprefent  the  head  which  is  environed  by 
a veffel  called  the  refrigeratory  or  cooler.  The 
head  is  contra&ed  into  a beak,  nofe  or  fpout, 
on  one  fide,  which  pafles  through  a hole  in 
the  refrigeratory,  and  is  inferted  in  the  neck 
of  the  receiver  C.  This  apparatus  is  in  gene- 
ral made  of  copper,  except  the  receiver  C» 
which  is  of  glafs.  On  the  whole,  it  differs 
from  the  reverberatory  furnace  and  its  veffels 
in  being  adapted  to  raife  and  condenfe  none 
but  very  volatile  fumes.  For  this  purpofe  the 
fire  is  lefs,  and  the  neck  of  the  cucurbit  is 
longer,  and  terminates  in  a head  which  is 
kept  constantly  cool  by  means  of  water  poured 
into  the  refrigeratory,  and  frequently  changed. 
But  the  alembic  of  this  form  is  not  much  in 
ufe  at  prefent ; the  following  being  more 
convenient, 

L 3 
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A (fig-1 3 3) is  the  body  of  the  Hill,  B its  head, 
P the  worm-tub,  and  C the  receiving-veflel. 
The  Hill -head  terminates  in  a pipe,  which  is 
bent  into  the  worm-tub  in  a fpiral  coil,  called 
the  worm,  as  may  be  feen  by  the  dotted  lines, 
and  to  the  lower  end  of  the  worm  is  affixed  a 
cock  E.  The  rationale  of  this  is  obvious  5 
for  the  worm-tub  being  filled  with  water,  the 
worm  is  kept  conHantly  cool  3 the  vapors 
therefore  which  pafs  over  from  the  Hill  are 
condenfed  in  their  courfe  through  the  fpiral 
tube,  and  are  difcharged  in  a fluid  form  by  the 
cock  E into  the  veflel  C.  This  is  the  Hill  in 
ufe  by  the  diflillers  of  malt  {pirits.  A certain 
quantity  of  the  extradl  of  malt,  which  has 
'Undergone  the  vinous  fermentation,  and  is 
called  waffi,  is  put  into  the  Hill,  from  which, 
by  a moderate  heat  they  obtain  a weak  fpirit, 
called  low  wines,  on  account  of  its  being 
Combined  with  much  water. 

It. very  often  happens,  that  when  two  fub_ 

• fiances  are  combined  together,  the  compound 
partakes  of  the  properties  of  both.  Thus, 
if  volatile  matters,  which  enter  into  a com- 
pound be  urged  by  a quick  heat,  they  will  in 

jstfany  cafes  carry  up  fubHances,  which  if  alone 

would 
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n would  not  have  been  railed  at  that  tempera- 
ture. Thefe  matters  may  be  feparated  by  a 
more  accurate  management  of  the  heat  in  a _ 
fecond  diflillation.  In  the  prefent  in  fiance, 
for  example,  the  fpirits  may  be  railed  from 
low  wines  by  a heat  which  is  not  fufficient  to 
volatilize  the  water.  Tins  procefs  is  caked 
rectification,  when  we  fpeak  of  the  volatile 
; body,  but  when  the  fixed  body  is  alluded  to, 
it  is  called  concentration.  Ardent  and  vola- 
I tile  fpirits  being  deprived  of  part  of  their 
1 fuperabundant  water,  are  faid  to  be  rectified ; 

but  the  acid  of  vitriol,  which  is  fo  fixed  as 
; to  be  almofl  capable  of  ignition,  is  faid  to 
be  concentrated  when  a great  part  of  its  fu- 
perabundant water  is  driven  off  by  heat.  The 
term  concentration  is  alfo  applied  to  that  fepa- 
ration  of  water,  from  fome  liquids,  which  is 
i effected  by  freezing.  The  ice  of  vinegar  ex- 
pofed  to  freeze  is  almofl  pure  water  : this 
being  feparated,  the  remaining  vinegar  is 
r:  much  ftronger,  and  is  faid  to  be  concentrated. 

1 It  is  affirmed  that  fpirituous  liquors,  as  wine, 
or  even  beer,  may  be  concentrated  by  the 
fame  method. 
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CHAP.  III. 


Of  chemical  Elements  j or  the  clajfng  of  thofe 
Bodies  which  are  lefs  compounded  than  all 
others . 

• » 

IN  the  decompofition  of  bodies,  the  prin- 
ciples or  conftituent  parts  are  by  no  means 
fo  various  as  might  be  imagined.  In  fad,  the 
analyfis  of  all  fubftances,  however  different, 
affords  principles  fo  exceedingly  fimilar,  that 
chemids  have  been  ready  to  conclude  that  all 
bodies  are  compofed  out  of  a very  few  ele- 
ments, and  that  the  fenfible  differences  arife 
only  from  the  proportions  of  each  that  obtain 
in  the  feveral  combinations.  This  opinion 
has  the  highefl  probability  in  its  favour,  but 


This  is  a theme  on  which  many  refpedable 
philofophers  have  indulged  a paffion  for  the- 
oretical conjedure,  perhaps  too  much. 

Since  that  feparation  of  the  principles  of 
bodies,  in  which  the  chemical  analyfis  con- 
fids,  can  only  be  effeded  by  means  of  the 


from  the  nature  of  things  it  is  impofiible  for 
us  to  be  ever  affured  that  we  are  arrived  al 
the  elements  or  fird  principles  of  bodies, 
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elective  attradions,  or  by  heat,  it  is  evident 
that  inftances  muft  occur  in  which  we  fliall  be 
unable  to  obtain  it.  For  example.  Suppofe 
two  principles  of  equal  fixity*  or  fo  fixed  as  to 
endure  without  alteration  the  flrongeft  heat 
we  can  produce,  be  combined  together  by  an 
ejedive  attradion,  which  in  each  is  flronger 
than  its  eledive  attradion  to  any  other  body, 

I how  are  thefe  principles  to  be  feparated?  If J 
they  be  expofed  to  heat  they  will  either  rife 
together  unaltered,  or  both  remain  fixed  : and 

if  any  third  body  in  nature  be  added,  no  de- 

(• 

compofition  can  take  place ; for,  by  the  condi- 
tion, the  two  combined  principles  attrad  each 
other  more  ftrongly  than  they  do  any  other 
body.  Here  it  may,  on  the  contrary,  be  ob- 
ferved,  that  we  may  come  at  the  knowledge 
of  the  elements  by  compofition ; for  if  any 

!two  bodies  when  combined  fhall  produce  a 
compound  altogether  fimilar  to  the  body 
jinder  examination,,  we  may  from  thence  in- 
| fer,  that  it  is  compofed  of  the  fame  principles: 
but,  in  anfwer,  it  muft  be  noticed,  that  the 
exiftence  of  fuch  uncombined  principles  be- 
ing a'circumftance  totally  unconneded  with, 
?nd  independent  of  the  principal  fad:,  and 

the 
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the  making  the  experiment  being  in  a very 
great  meafure  cafual,  we  muff  in  by  far  the 
mod  part  of  fucb  inftances  be  fubjedt  to  un- 
certainty : and  that  more  particularly,  becaufe 
the  method  of  compofition  fuppofes  a fimpli- 
city  in  the  principles  made  ufe  of,  which  can 
never  be  proved,  fince  the  method  of  analyfis 
ha-s  been  (hewn  to  be  inefficient  for  that  pur- 
,‘pole. 

Without  entering  therefore  into  any  detail 
concerning  the  chemical  elements,  or  univer- 
fal  firft  principles,  with  which  it  is  probable 
we  {hall  long  remain  unacquainted;  we  ffiall 
proceed  to  enumerate  fuch  as  experiment  has 
{hewn  to  be  much  more  fimple  than  other 
bodies.  Thefe  are,  water,  phlogifton,  earths, 
acids,  and  alkalis.  ' 

Chemiftry  is  not  yet  fufficiently  advanced 
to  enable  us  to  determine  whether  thefe  be 

I r 

the  principles  of  all  bodies ; but  it  is  certain 

i 

that  in  the  analyfis  of  every  different  fub- 
ftancp  we  at  length  arrive  at  principles  which 
may  with  propriety  be  claffed  under  fome  of 
thefe  heads.  Hence  we  conjecture,  that 
thefe  principles,  univerfally  fimilar  to  them- 
felves,  and  thefe  only,  enter  into  the  compofi- 
tion 
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tion  of  all  bodies,  and  that  our  being  unable  to 
exhibit  them  perfectly  fimilar  is  to  be  at- 
tributed to  combinations,  which  the  imperfec- 
tion of  tbe  methods  we  make  ufe  of  prevents 
our  refolving.  Thefe  principles  are  likewife 
to  be  regarded  as  fimple,  till  future  refearches. 
fhall  evince  the  contrary. 

The  true  ufe  of  hypothefes  being  to  fyfte- 
matize  and  diredt  our  future  enquiries,  this 
general  method  of  abftradting  muft  be  of  great 
fervice  ; but  at  the  fame  time  we  muft  be 
careful  not  to  deceive  ourfelves  by  taking  it 
for  granted,  that  bodies,  which  referable  each 
other  fufficiently  to  come  under  the  fame 
clafs,  are  really,  though  not  apparently,  fi- 
milar in  every  other  refpedt.  Experiment 
alone  muft  afcettain  this  fuppofition,  and 
much  remains  yet  to  be  done.  From  thefe 
and  fimilar  confederations  it  is  evident,  that 
the  general  divifton  of  bodies  is  not  of  any 
very  great  confequence  to  fcience  in  its  pre- 
fent  imperfedt  ftate ; and  therefore  that  the 
controverfies  and  differences  among  chemifts 
concerning  firft  principles  have  tended  bujt 
little  to  the  advancement  of  knowledge.  - 
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The  firft  of  thefe  principles,  namely,  wa- 
ter, is  a very  fufible  and  volatile  fubftance. 
It  afliimes  the  fluid  ftate  in  a lefs  degree  of 
heat  than  is  neceftary  for  vegetation,  and  is 
therefore  in  general  met  with  in  that  {late. 
It  is  then  very  tranfparent,  inodorous  and 
taflelefs.  When  its  heat  is  diminifhed  to  a 
certain  degree,  it  becomes  folid  j not  uni- 
formly through  all  its  fubftance  at  once,  but 
fome  of  its  parts  firft  aflume  a folid  form  in 
the  fhape  of  needles,  crofting  each  other  at  an 
angle  of  ftxty  degrees,  which  continue  to  in- 
creafe  in  number  till  the  whole  mafs  of  wa- 
ter is  become  folid.  This  adt  is  called  con- 
gelation, and  the  folid  mafs,  which  is  called 
ice,  is  much  lefs  tranfparent  than  before,  and 
is  augmented  in  magnitude  about  one  tenth 
part.  It  is  probable  that  the  configuration 
of  thefe  needle-like  parts  may  leave  many  in- 
vifible  vacuities  in  the  ice,  by  which  its  mag- 
nitude is  jncreafed,  and  its  tranfparency  in  a 
great  meafure  deftroyed ; but,  however  this 
may  be,  the  expanfion  is  mad,e  with  a force 
fo  amazing,  that  no  vefiel  has  yet  been  found 
ftrong  enough  to  refiffc  it.  The  honourable 

Robert 
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Robert  Boyle  burft  a piftol-barrel,  and  Dr. 

1 

Hales  burft  a bomb,  the  metal  of  which  was 
one  inch  and  a quarter  thick,  by  freezing 
water  contained  within  them. 

Water  in  its  fluid  date  is  elaftic,  and  may 
be  condenfed  by  preffure.  When  the  pref- 
fure  is  removed  it  recovers  its  former  dimen- 
sions. But  the  difference  of  magnitude  pro- 
duced by  the  preffures  we  are  able  to  apply, 
compared  with  its  magnitude  when  uncom- 
preffed,  except  by  the  gravity  of  its  parts,  is 
fo  extremely  minute  as  to  be  almod  inconfi- 
derable. 

The  heat  of  water,  and  indeed  all  fluids 
of  confiderable  volatility,  maybe  increafed  to 
a certain  degree,  at  which  they  become  much 
agitated,  and  emit  bubbles.  This  is  called 
boiling,  and  happens  at  lefs  degrees  of  heat 
accordingly  as  the  fluid  is  more  volatile.  I«i 
open  veflels,  fluids  which  are  capable  of  boil- 
1 ing, . cannot  at  that  period  be  made  to  receive 
any  increafe  of  heat;  but  in  clofe  and  very 
1 ftrong  metallic  veffels  water  may  be  heated 
8j  almoft  red  hot.  Upon  this  principle,  the  lighter 
1 the  atmofphere  the  fooner  the  water  boils ; and 
I:  if  water,  which  has  juflceafed  to  boil,  be  placed 
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jn  the  exhaufted  receiver  of  an  air-pump  it 
will  boil  again  for  lorne  time,  on  account  of 
the  preiTure  of  the  atmofphere  being  removed. 

This  ftationary  or  fixed  point  of  heat  is 
juftly  attributed  to  the  copious  evaporation. 
In  fact,  all  evaporation  produces  cold.  The 
water,  therefore,  is  in  no  cafe  lo  much  heated 
by  the  fire,  as  it  would  have  been  if  no  evapora- 
tion had  taken  place.  The  greater  the  evapo- 
ration the  lefs  the  effect  of  the  fire : whence 
it  follows,  that  at  a certain  period  the  evapo- 
ration muft  be  l'o  great,  as  that  the  effedt  of 
the  fire  fhall  be  no  more  than  juft  fufficient 
to  preferve  the  heat  of  the  water,  without  aug- 
menting it.  Arid  in  other  fluids,  this  event 
muft  happen  fooneft  in  thofe  which  are  molt 
fufceptible  of  evaporation,  or  more  volatile. 

The  production  of  cold,  by  evaporation,  is  a 
ftrong  argument  in  favor  of  thole  who  affiim 
that  heat  is  fomething  more  than  a mere 
motion  of  the  parts  of  bodies.  How,  fay 
they,  can  cold  be  produced  by  evaporation, 
unlefs  heat  be  a fubftance  which  is  carried  off 
by  the  vapors  ? 

Water  being  fufceptible  of  two  fuch  re- 


markable changes  as  congealing  and  boiling, 

and 
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2nd  that  at  degrees  of  heat  which  it  is  not 

l- *<,  , » M * * ' r 

difficult  to  produce,  affords  an  excellent  me- 
thod for  fettling  the  fixed  points  of  thermo- 

!!  meters.  For  the  heat  at  which  water  con- 
geals, and  likewife  that  at  which  it  boils 
firongly,  under  equal  weights  of  the  atmo- 
fphere,  are  precife  and  invariable  ; and  confe- 
quently  thermometers  may  be  eafily  gradu- 
ated from  thefe  two  ffates  of  heat,  fo  that 
they  ffiall  always  agree  in  like  temperatures.’ 
When  water  is  rarefied  by  heat  into  the 
form  of  elaftic  vapour,  it  is  called  fleam,  and 
is  more  elaftic  the  more  it  is  heated.  When, 
the  elafticity  of  fleam  is  equal  to  that  of  com- 
mon air,  it  is  much  lefs  denfe  than  the  air, 
and  confequently  mull  afcend.  It  has  already 
been  obferved,  that  this  elafticity  of  fleam  is 
turned  to  good  account  in  the  engine  for  raff- 
ing water  out  of  mines,  &c. 

If  water  be  not  a fimple  element  it  is 

1 compounded  of  principles  whofe'  mutual  affi- 
nity is  fo  great  that  they  have  never  yet  been 
feparated.  When  it  is  diftilled,  either  fepa- 
rately,  or  together  with  other  matters,  it  is 
always  recovered  again  in  the  form  of  water.; 

fo 
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fo  that  it  is  ufually  faid  to  be  unalterable  and 
indeftrudible. 

Some  philofophers,  by  repeated  diftillations 
of  water,  have  procured  an  earthy  fediment, 
and  have  from  thence  concluded  that  it  was 
tranfmuted  into  earth:  but  it  is  generally 
thought,  and  there  are  experiments  in  confir- 
mation of  the  opinion,  that  the  glafs-veftels 
being  abraded  or  diffolved,  may  furnifh  the 
earth,  which  is  found  to  be  of  the  nature  of 

Water  has  an  affinity  with  a very  great 
number  of  bodies,  and  for  that  reafon  is  never 
met  with  naturally  free  from  heterogeneous 
matters,  or  abfolutely  pure.  .The  purefl 
waters  are  rain  and  fnow ; but  for  nice  pur- 


pofes,  water  carefully  diftilled  with  a gentle 
fire  is  to  be  preferred  to  all  other. 

The  next  element,  phlogifton,  is  by  many 
chemifts  termed  fire ; and  in  order  to  diftin- 
guifh  it  from  heat,  which  they  likewife  call 
fire,  the  phlogifton  is  called  combined  fire, 
while  heat  is  denoted  by  the  terms  elemen- 
tary fire.  But  this  manner  of  expreffion 

prefuppofes  a certain  theory  of  fire,  which 

is 
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is  by  no  means  eftablifhed.  We  are  ignorant 
whether  heat  be  a mode  or  a fubftance ; and 
to  ufe  the  fame  term  to  exprefs  both  it  and 
phlogifton,  which,  in  fadt,  is  no  more  than  the 
principle  of  inflammability,  muft  tend  to 
confufe  our  notions,  and  betray  us  into  a per- 
fuaflon  that  we  know  more  of  the  fubjedt 
than  we  really  do.  It  will  therefore  be  ne- 
ceffary  to  keep  as  near  the  fads  as  poflible. 

Phlogifton  is  that  by  which  bodies,  when  in 
contad  with  pure  air,  and  heated  to  a certain 
degree,  are  put  into  a ftate  of  combuftion,  dur- 
ing which  they  are  in  a great  meafure  decom- 
pounded, and  moft  commonly,  or  perhaps 
univerfally,  exhibit  an  appearance  of  flame. 

Bodies  may  be  divided  into  two  claftes, 

1 combuftible  and  incombuftible  : the  latter  are 
f;  only  capable  of  being  ignited,  or  made  red 
c hot,  and  begin  to  cool  immediately  upon  re- 
>£  moving  the  caufe  of  their  heat ; whereas  the 
* former'  when  confiderably  heated,  with  accefs 
of  air,  become  inflamed,  and  continue  to 
produce  heat  for  a certain  time,  at  the  end  of 
h which  they  are,  either  entirely  or  in  a great 
meafure,  deprived  of  that  which  made  diem 

V0L*  11  M inflam- 


inflammable,  and  are  reduced  to  the  other', 
clafs  of  incombuftible  bodies. 

To  vindicate  the  admiffion  of  the  caufe  of 
inflammability,  or  phlogifton,  among  the  ele- 
ments, it  will  be  neceflary  to  fhew,  that  it  is 
a lubftance,  and  not  a mere  modification  of 
the  parts,  of  bodies ; and  that  it  is  univerfally 
fo  fimilar  to  itfelf  as  to  be  eafily  diftinguifhed 
in  all  the  various  bodies  which  are  combuf- 
tible.  For  this  purpofe  let  us  attend  to  the 
circumftances  attending  combuftion,  and  from 
thence  make  our  inferences. 

Firft,  All  combuftible  fubfiances  which  can 
be  expofed  to  great  heat  in  clofe  veflels,  can- 
not, in  that  fituation,  be  calcined  or  burnt;  and 
in  the  open  air  the  calcination  is  more  quickly 
effe&ed  accordingly  as  the  fupply  of  pure  air 
is  greater.  Secondly,  If  a combulfible  fubflance 
be  inflamed, and  afterwards  included  in  a velfel, 
with  a fmall  quantity  of  atmofpherical  air,  the 
combuftion  lafts  for  a certain  time,  and  then_ 
ceafes  ; this  time,  and  confequently  that  part 
of  the  mafs  which  becomes  calcined,  is  greater 
or  lefs  acccording  to  the  quantity  of  pure  air. 

included  ; and  at  the  end  of  this  time  the  air  is 

found 
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found  to  be  decompofed,  part  being  fixed 
and  precipitated,  and  the  remainder,  which 
is  about  four-fifths  of  the  original  quantity, 
is  fo  changed  as  to  be  unfit  for  the  pur- 
pofe  of  afliding  combudion,  and  is  in  feme 
degree  noxious.  Thirdly,  Sulphur  may  by 
combuftion  be  deprived  of  its  inflammable' 
principle,  by  which  means  it  is  converted 
into  the  vitriolic  acid ; and  again,  the  vi- 
triolic acid,  being  properly  treated  with  any 
inflammable  fubdance,  may  regain  the  phlo- 
gifton,  and  be  converted  into  fulphur,  which 
fulphur  is  poflefled  of  the  fame  properties, 
however  different  the  properties  of  the  in- 
flammable fubflances  may  have  been  by 
which  the  phlogifton  was  furnifhed.  Laflly, 
i the  calces  of  fixed  compounds,  as  metals, 
may  be  reftored  to  their  original  date,  by 
being  treated  with  fome  inflammable  fub- 
$ dance ; and  the  metal  is  in  all  cafes  the 
:i  fame,  however  various  the  phlogidic  fub- 
: dances  may  have  been  by  which  it  was 
v revived. 

The  natural  deduction  from  thefe  fadts 
1'  appears  to  be,  that  phlogidon  is  a fubdance 
[i  which  is  very  Ample  and  fimilar  to  itfelf. 
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For  what  can  the  enclofing  a combuftible 
body  in  a clofe  veftel  do,  but  prevent  the 
difperfion  of  fome  fubftance  ? If  calcination 
be  no  more  than  a change  in  the  arrange- 
ment of  the  parts  of  bodies,  why  fhould  not 
heat  affedt  this  as  well  in  clofe  as  open  vef- 
fels  ? Is  it  not  evident  in  the  fecond  inftance, 
that  the  phlogifton  becomes  combined  with 
the  compounded  fluid  air,  and  caufes  it  to 
depofit  one  of  its  principles  in  the  form  of 
fixable  air,  while  the  calcination  of  the  in- 
flamed body  goes  forward ; and  does  not 
the  combuflion  ceafe  when  the  remain- 
ing principle  or  principles  of  the  air,  being 
faturated,  are  incapable  of  receiving  any 
more  phlogifton  ? When  fulphur,  by  com- 
buflion, is  tranfmuted  into  vapors,  which 
when  condenfed  by  means  of  water,  and 
afterwards  concentrated,  are  found  to  be  the 
vitriolic  acid,  ought  we  not  to  conclude, 
that  this  very  inflammable  fubftance  is  con- 
verted, into  a fubftance  which  is  not  at 
all  fo,  by  having  loft  one  of  its  principles, 
namely,  phlogifton  ? But  when,  on  the  othei 
hand,  the  converfe  of  the  problem  is  ef- 
fected, by  producing  fulphur  from  a well 

managed 
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managed  combination,  of  the  vitriolic  acid 
with  the  inflammable  principle  of  fome 
other  body,  we  can  hardly  retain  a doubt 
of  the  exiftence  of  this  fubflance,  and  at 

X 

the  fame  time  learn,  from  its  effects,  that 
it  is  fimilar  in  all  inflammable  bodies.  And 
this  flmiliarity  of  the  phlogifton  is  ftill  more 
evident  from  the  reduction  of  the  calces  of 
metals ; for  if  a metalline  calx  be  properly  treat- 
ed with  any  inflammable  fubflance,  the  ex- 
ternal air  being  excluded,  the  metal,  from 
which  the  calx  was  originally  made,  will  be 
reproduced,  as  we  have  already  obferved. 

The  phlogifton  of  inflammable  bodies 
being  feparable  only  when  thofe  bodies  are 
in  contadl  with  others  with  which  it  can 
combine ; it  is  not  probable  that  we  fhall 
ever  be  able  to  obtain  it  in  an  uncom- 
bined and  detached  ftate.  But  it  is  by  no 
means  proper  to  fpeak  deciflvely  upon  a 
fubjedt  in  which  fo  much  remains  yet  to 
be  inveftigated. 

Earth  is  diftinguifhable  from  all  other 
fubftances  by  its  great  fixity.  If  it  be  a 
Ample  fubflance,  it  has  not  hitherto  been 
exhibited  alone  and  uncombined  j and  con- 
M 3 fequently 
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fequently  there  are  many  kinds  of  earths, 
which  agree  in  the  general  property  of 
'fixity,  but  vary  in  feveral  other  refpeds. 
But  we  do  not  propofe  to  enumerate  and 
defcribe  them  in  the  prefen t chapter,  and 
fhall  therefore  fpeak  only  of  the  general 

characters  which  are  obferved  in  bodies  of 
this  clafs. 

There  are  few  fubftances,  if  expofed  to 
violent  heat,  but  will  leave  a refidue,  or,  as 
the  ancient  chemifts  called  it,  a caput  mor- 
tuum,  which  confifts,  for  the  mofl  part,  of 
very  fixed  matters.  That  part  of  the  refidue 
which  is  either  not  at  all,  or  with  great 
difficulty,  foluble  in  water,  is  called  earth. 
Thus  the  calces  of  metals  are  called  me- 
tallic earths,  and  precious  ftones,  quick- 
lime, plafter,  clay,  &c.  are  all  earths,  which 
lefemble  each  other  in  the  properties  of 
fixity  and  difficult  folubility  in  water,  and 
differ  in  other  particulars.  The  hardefi: 
bodies  in  nature  are  of  the  clals  of  earths. 

Acids  compofe  the  next  clafs  of  fimple 
bodies,  Thefe  are  fo  denominated  from 
their  tafte,  which  is  acid  or  four,  and  are 
very  numerous,  There  is  fome  reafon  to 
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imagine  that  one  primary  acid  exifts,  and 
that  all  the  others  are  combinations  of  this 
primary  acid  with  other  lubftances ; but  till 
this  conjecfture  be  more  confirmed,  we  mu  ft 
confider  them  as  diftindt  and  independent 
matters,  which,  from  the  refemblance  oP 
their  properties,  are  claffed  together.  The 
general  and  diftinguidiing  properties  of  acids 
are,  i.  They  affect  the  organ  of  tafte  with 
a very  peculiar  fapidity.  2.  Their  affinity  with 
water  is  fo  great,  that  they  cannot  be  ex- 
hibited in  a dry  and  denfe  uncombined 
form.  3.  Concentrated  acids  added  to  wa- 
ter produce  heat,  if  the  water  be  in  a date 
of  fluidity,  but,  on  the  contrary,  if  it  be 
frozen,  they  produce  extreme  cold.  4.  When 
much  concentrated,  they  may  be  combined 
with  phlogifton.  5.  They  have  a ftrong 
tendency  to  unite  with  almoft  all  bodies  : 
hence  they  are  very  corroflve,  and  form  the 
moft  adtive  menftruums.  6.  They  change 

the  blue  colours  of  vegetables  and  of  their 
I.  . 43 

infufions  to  a red.  Thus,  the  fyrup  of  vi- 
olets, the  tindture  of  heliotropium,  and  other 
flmilar  infufions,  are  generally  ufed  to  dis- 
cover the  prefence  of  an  unfaturated  acid 
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in  bodies ; but  this  criterion,  though  the 

moft  univerfal  for  that  purpofe,  is  not  ab- 
folutely  fo. 

from  the  diftinguiffiing  properties  of  acids, 
it  has  been  fufpeded  that  pure  acid  is  a 


combination  of  earth  and  water. 

The  laft  general  fpecies  of  bodies  are 
alkalis.  The  four  kinds  of  fubftances  juft 
enumerated  are  fo  far  limple,  that  we  have 
not  been  able  to  decompound  them,  fo  as 
to  determine  their  primary  principles  with 
the  fmalleft  degree  of  accuracy.  But  in 
alkalis  the  cafe  is  different.  They  are  pro- 
cured by  evident  combination,  namely,  by 
the  burning  or  putrefadion  of  fubftances  in 
which  they  did  not  exift  before,  at  leaft 
in  any  confiderable  quantity.  And  they  may 
be  decompounded.  Yet,  becaufe  the  fixed 
alkali  is  capable  of  pafting  unaltered  through 
a vaft  variety  of  chemical  proceffes,  and 
has  ftrong  affinities  to  many  fubftances  when 
in  an  uncombined  ftate,  we  have  thought 
proper  to  arrange  it  in  this  place. 

The  chief  properties  of  alkalis  are,  i. 
They  affed  the  organ  of  tafte  with  a burn- 
ing, urinous  tafte.  2.  They  have  a ftrong 

affinity 
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affinity  with  water,  but  may  be  eaffiy  ob- 
tained dry.  3.  They  produce  heat  by  ad- 
ding water  to  them.  4.  They  may  be  fufed 
with  a moderate  heat,  and  in  that  date  dif- 
folve  all  earths.  If  the  alkali  be  in  a large 
proportion,  the  mafs  or  folution  a flumes  the 
alkaline  properties ; but  if  the  proportion  of 
earth  prevails,  its  properties  obtain,  and  the 
mafs  takes  the  form  of  glafs.  5.  If  they  be 
diffolved  in  water,  an  earth  is  feparated,  and 
falls  to  the  bottom 3 and  if  the  diffolved 
part  be  dried,  and  again  diffolved,  more 
earth  is  feparated 3 and  fo  on  for  any  num- 
ber of  times.  6.  Their  affinity  with  acids 
is  fo  great,  that  they  unite  with  them, 
howfoever  they  may  be  combined,  and  even 
detach  them  from  every  fubflance  except 
phlogiflon  and  water.  7.  They  change  the 
blue  colours  of  vegetables,  and  their  infu- 
fions,  to  a green  3 but  this  criterion  is  not 
without  its  exceptions. 

From  the  methods  by  which  alkalis  are 
procured,  and  the  concomitant  circumftances, 
it  is  pretty  well  decided,  that  they  are  com- 
pounded of  acid,  of  earth,  and  of  a fmall 
proportion  of  phlogiflon. 


170  Concerning  Arrangement. 

In  the  enunciation  of  fciences  which  de- 
pend upon  eftablilhed  firft  principles,  the 
nature  of  the  fubjedt  dictates  the  order  and 
arrangement.  Simple  truths  are  followed  by 
more  complicated  deductions,  in  a natural 
and  beautiful  fucceffion.  But  in  the  in- 
fancy of  knowledge,  efpecially  that  which 
depends  upon  experiment,  every  truth  ap- 
pears independent  and  cotemporary,  while  each 
attempt  at  explanation  or  analogy  feems  to 
demand  a previous  knowledge,  in  the  learner, 
of  all  that  has  been  done  in  the  fame  way.  Such 
is  the  ftate  of  chemiftry ; and  therefore,  to 
preferve  that  order  which  is  effentially  ne- 
celfary  to  the  conveying  a general  idea  of 
fcience,  we  have  endeavoured  to  fpeak.  cur- 
forily  upon  almoft  every  particular,  and  lhall 
be  more  minute  as  we  advance.  The  pro- 
perties  of  earths,  acids,  and  alkalis  mull 

be  again  refumed,  and  in  the  mean  time, 

10 

we  conclude  this  chapter  with  the  follow- 
ing table. 
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CHAP.  IV. 

Of  Earths. 

THOSE  fubflances  which  are  com- 
prifed  under  the  general  name  of 
Earths,  are  very  numerous  and  different, 
and  the  fubdivifions  of  this  clafs  have 
confequently  been  various.  Some  authors 
have  endeavoured  to  fimplify  the  arrange- 
ment, and  reduce  the  feveral  kinds  of 
earth  to  one  or  two  general  heads;  while 
others,  more  minutely  attentive  to  the  dif- 
ferences, have  been  as  careful  to  enlarge 
their  catalogue.  This  Ariflotelian  element  is 
met  with  in  a prodigious  variety  of  forms  : 
flones,  metals,  clays,  animal  and  vegetable 
fubflances,  all  furnifh  a fixed  principle, 
which  is  probably  one  and  the  fame*  but 
difguifed  by  combinations  not  yet  difcovered 
and  analyzed.  We  (hall  endeavour  to  avoid 
either  extreme  of  too  much  abflradlion,  or 
too  extenfive  enumeration,  and  fhall  there- 
fore divide  earths  into  two  clafles,  namely, 

cryflalline 
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cryftalline  and  abforbent,  which  laft  we  fhall 
ao-ain  fubdivide  into  three,  namely,  calca- 
reous,  argillaceous,  and  gypfeous  earths. 

Cryftalline  earth,  which  is  alfo  called  veri- 
fiable and  filiceous  earth,  is  by  far  the  molt 

Ifimple  in  its  appearance,  and  known  properties, 
of  any  other.  All  precious  ftones,  flint,  fand, 
gravel,  and  in  general  all  minerals  which 
have  not  a metallic  appearance,  and  are 
Sufficiently  hard  to  give  fparks  with  fteel, 
are  of  this  clafs,  and  may,  from  this  lafl  cri- 
terion, be  eafily  diftinguifhed.  Cryftalline 

I earths,  and  even  glafs,  if  rubbed  together, 
become  ignited,  for  the  inftant,  at  the  place 
of  contad,  and  emit  a peculiar  fmell,  which 
is  fomewhat  Sulphureous.  If  this  experi- 
ment be  made  in  the  dark,  the  cryftal  is 
luminous  through  its  whole  fubftance,  which 
circumftance  has  been  thought  perplexing  by 
an  eminent  chemift,  who  did  not  conlider 
that  it  was  no  more  than  ought  naturally 
to  follow  from  the  repeated  reflections  of 
the  light  from  the  internal  Surfaces. 

Pure  cryftalline  earth  is  infoluble  in  acids, 
and  does  not  combine  with  water,  even  l'o 
-•.iUch  as  to  form  a pafte  when  finely  pow- 
1 dered . 
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dered.  It  fuffers  no  fufion  nor  alteration 
of  weight  by  expofure  to  heat;  but  fands 
may  be  made  to  conglutinate  a little  by 
means  of  a violent  fire  : from  which  it 
feems,  that  their  infufibility  depends  on  our 
not  being  able  to  apply  a fufficient  de- 
gree of  heat.  It  is  called  vitri-fiable  earth, 
becaufe  many  fpecimens  of  it  may  be  con- 
verted to  glafs,  by  the  addition  of  a lefs 
quantity  of  fixed  alkali  than  is  required  to 
effeft  the  like  with  other  earths. 

The  native  mafles  of  this  earth  affedt  a 
regular  figure ; efpecially  fuch  as  are  clear 
•and  tranfparent.  Thefe,  if  unbroken,  are 
in  general  bounded  by  a number  of  plane 
furfaces,  whole  difiances  vary,  but  whofe 
angles  of  inclination  to  each  other  are  ufually 
conftant.  Thus,  rock  cryftal  is  commonly 
in  the  form  of  an  irregular  hexagonal  prifin, 
whofe  fix  plane  fides  make  angles  of  120° 
with  the  contiguous  planes,  and  whofe  ends 
are  terminated  by  one  or  more  planes, 
which  are  ufually  inclined  to  the  axis  of 
the  prifin  in  an  angle  of  about  40°. 

The  calces  or  earths  of  metals  feem  to 
be  of  this  clafs,  but  altered  by  a remain- 
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ing  portion  of  phlogifton,  by  means  of  which 
they  are  foluble  in  acids,  and  may  be 
vitrified  without  addition  of  any  other  fub- 
fiiance. 

Abforbent  earths  are  fo  termed  from  their 
property  of  imbibing  water,  with  which 
they  form  either  an  intimate  or  a partial 
union.  We  {hall  proceed  to  defcribe  thefe 
under  the  general  heads  of  calcareous,  argil- 
laceous, and  gypfeous  earths. 

Calcareous,  which  are  alfo  called  alkaline 
earths,  are  remarkable  for  the  property  of 
becoming  cauftic  by  means  of  fire.  In 
fadt,  the  heat  decompounds  them,  and  leaves 
the  refidue  in  that  unfaturated  ftate  in  which 
caufticity  confifts.  All  native  calcareous 
earths  are  fufficiently  foft  to  receive  im- 
prelfions  from  the  point  of  a knife,  and  if 
broken,  the  furface  appears  porous  and  gra- 
nulated, fomewhat  like  iugar.  The  opake 
fpecimens  are,  limeftone,  feveral  kinds  of 
marble,  chalk,  the  {hells  of  fifih,  and  other 
animal  iubftances,  when  . calcined  after  pre- 
cipitation from  an  acid  by  fixed  alkali.  The 
tranfparent  fpecimens  are  feveral  heavy  fpars 
cf  a laminated  texture ; among  which  is 
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the  fubftance  called  ifland-cryftal,  well  known 
for  its  peculiar  quality  of  dividing  the  rays  of 
light  into  two  nearly  equal  parts,  one  of  which 
is  1 efi  added  in  a manner  not  conformable  to 
the  general  rules  of  optics ; whence  it  hap- 
pens, that  bodies  feen  through  this  cryftal 
appear  double.  The  ffaladtites,  or  ftony  ificles, 

which  hang  from  the  roofs  of  caverns,  are 
alfo  of  this  clafs.' 

Calcareous  earths  which  have  not  yet 
been  burned,  are  called  mild.  When  ex- 
pofed  to  a red  heat  for  a confiderable  time, 
they  lofe  about  half  their  weight,  and  are 
converted  into  quick-lime.  In  their  mild 
or  faturated  Hate,  the  quick-lime  is  com- 
bined with  water,  and  a peculiar  acid,  which 
we  fhall  have  occafion  to  defcribe  under 
the  name  of  fixed  air,  both  which  are  de- 
tached and  driven  off  by  the  application  of 
heat.  Quick-lime,  which  is  unmixed  with 
other  lubftances,  may  therefore  be  confidered 
as  pure  calcareous  earth. 

The  affinity  between  quick-lime  and  wa- 
ter is  fo  great,  that  their  union  is  attend- 
ed with  great  heat.  Quick-lime  is  adtu- 
ally  diflolved  in  water,  but  the  quantity 

required 
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fcquired  to  faturate  a given  quantity  of  water 
is  very  fin  all.  Water  thus  impregnated  has 
an  acrid,  alkaline  tafte,  and  is  called  lime- 
water. 

Acids  diflolve  calcareous  earths,  and  the 
combinations  form  various  falts.  If  the  cal- 
careous earth  be  in  a mild  ftate,  when  im- 
merfed  in  the  acid,  the  fixed  air  efcapes  in 
the  form  of  bubbles,  and  the  agitation  of  the 
fluid  occafioned  thereby  is  called  effervef- 
cence : but  quick-lime,  or  cauftic  calcareous 
earth,  being  already  deprived  of  its  fixed  air, 
is  incapable  of  effervefcing. 

If  water  be  poured  on  a finall  quantity 
of  quick-lime,  it  diflolves  a fmall  portion, 
and  becomes  lime-water.  On  the  furface  of 
this  water  is  formed  a fcum  or  cruft,  which, 
breaking,  falls  to  the  bottom  : a new  fcum 
is  then  formed,  which  likewife  precipitates  5 
and  this  continues  for  a certain  time,  at  the 
end  of  which,  the  water  becomes  pure  and 
infipid,  and  the  earth  at  the  bottom  is  in 
a mild  ftate,  and  no  longer  foluble  in  water. 

To  explain  this,  it  is  to  be  obferved,  that 
the  quick-lime,  which  is  in  folution  near 
the  furface  of  the  water,  attradls  fixed  air 
Vol,  II.  N from 
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from  the  atmofphere,  and  becomes  mild ; 
and  as  mild  calcareous  earth  is  infoluble  in 
water,  it  forms  a fcum  which  continually 
increafes,  till  it  is  too  grofs  to  be  fupported 
at  the  furface,  but  breaks  and  falls  down : 
the  water  ftill  retains  its  faturation,  by  dif- 
iolving  frefh  quantities  of  the  quick-lime 
at  the  bottom ; the  fcum,  therefore,  con- 
tinues to  be  formed,  and  to  be  precipitated 
as  long  as  any  quick-lime  remains  undif- 
folved ; at  the  end  of  which  time  the  quick- 
lime, being  all  rendered  mild  by  the  con- 
tinued addition  of  fixed  air,  the  water  is  left 
pure  and  infipid.  The  precipitate  will  ef- 
fervefce  with  acids,  and  is  in  the  fame 

1 

ffate  it  was  before  it  was  burned. 

Quick-lime  pofTeffes  many  of  the  pro- 
perties of  fixed  alkalis,  though  not  fo  ffrongly. 
It  turns  blue  vegetable  infufions  to  green, 
and  unites  with  lulphur,  forming  a com- 
pound, foluble  in  water  like  liver  of  fulphur. 
It  has  likewife  fome  a&ion  upon  oils  and 
foirits  of  wine.  But  it  is  not  fulible  with- 

1 

out  the  addition  of  an  alkali,  though 
calcareous  fp.ars  and  flaladtites  in  a very 
fierce  heat  fhew  figns  of  a beginning  fufion. 

Yet 
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Yet  it  is  very  remarkable,  that  thefe  fub- 
ftances,  though  fo  refradory  when  alone, 
are  neverthelefs  capable  of  affifting  the  fa- 
lion  and  vitrification  of  feveral  other  mat- 
ters, as  fands  and  clays.  This  is  a very 
difficult  phenomenon  to  account  for. 

The  earth  called  magnefia  may  be  claffied 
among  calcareous  earths,  though  its  proper- 
ties differ  from  thofe  of  the  latter  in  feveral 

Irefpeds  ; particularly  in  that  of  being  not  at 
all  foluble  in  water. 

Calcareous  earths  in  fine  powder  form 
a pafte  with  water,  which  is  not  dudtile, 
and  dries  very  quickly.  This  is  called  mor- 
tar, and  is  durable  in  proportion  as  its 
caufticity  is  more  perfedt.  In  order  to  give 
folidity  to  mortar,  and  render  it  more  ft 
for  the  purpofes  of  building,  it  is  ufual  to 
incorporate  a quantity  of  fand  with  the  mafs. 

The  fecond  clafs  of  abforbent  earths  is 
the  argillaceous.  Its  diflinguifhing  property 
is  that  of  forming  a very  tenacious  and 
dudile  pafte  with  wrater,  which  may  be 
moulded  into  veflels  that  preferve  their  form, 
and  if  gradually  dried  and  expofed  to  a ftrong 
heat,  bakes  into  a kind  of  ftone  called  brick. 
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On  this  property  of  clays  is  founded  the  very 
ufeful  and  elegant  art  of  pottery. 

Boles,  fuller’s-eartb,  tile-earth,  brick- 
earth,  potter’s-clay,  pipe-clay,  porcelain-clay, 
&c.  are  fpecimens  of  argillaceous  earth  ; but 
the  pureft  earth  of  this  clafs  is  that  which  is 
obtained  from  alum.  Alum  is  a combination 
of  the  vitriolic  acid  with  argillaceous  earth: 
now,  if  fixed  alkali  be  added  to  a folution  of 
alum,  it  combines  with  the  acid,  and  the  earth 
is  precipitated  in  the  form  of  a very  fine 
white  powder. 

Argillaceous  earths  mix  very  intimately 
with  water,  but  are  not  difiolved  by  it ; for 
they  fubfide  after  being  fome  time  at  reft,  but 
they  are  foluble  in  acids,  particularly  the  vi- 
triolic, with  which  they  form  alum,  as  we 
have  already  obferved. 

All  clays  which  have  been  yet  examined 
ere  found  to  contain  vitriolic  acid  : and  clay 
is  found  to  obtain  the  properties  of  vitnfiable 
earth,  by  being  well  baked.  In  this  laft  flate  . 
it  is  as  hard  as- flint,  and  ftrikes  fire  with  heel; 
and  if  it  be  pulverized,  it  is  found  to  poflefs 
no  longer  the  property  of  combining  with 

water  or  acids,  but  perfedlly  refemhles  fine 
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fand.  For  thefe  reafons  clay  is  confidered 
by  many  to  be  verifiable  earth,  altered  by  a 
combination  with  the  vitriolic  acid. 

Pure  clay  refills  the  mod  violent  fire  with- 
out fufing,  even  though  in  contact  with  vitri- 
fied matters.  Melting-pots  or  crucibles  are 
made  of  clay  mixed  with  grofs  powder  of  broken 
earthen-ware.  The  vefiels  which  contain  tne 
melted  matter  in  glafs-houfes  will  fometimes 
lad  a year,  but  they  grow  gradually  thinner, 
probably  from  the  a&ion  of  their  contents. 

The  lafl  general  head  of  abforbent  earths 
are  gypfums,  or  plaifter-earths.  1 he  peculiar 
and  leading  property  of  gypfum  is,  that  if 
calcined  and  mixed  with  water  to  the  confid- 
ence of  thick  cream,  it  fuddenly  coagulates, 
and  becomes  confiderably  hard.  From  this 
circumflance  it  is  exceedingly  ufeful  for  call- 
ing fmall  llatues,  or  obtaining  very  accurate 
copies  of  bas-reliefs,  as  we  fee  pradlifed  every 
day.  In  commerce  it  is  called  plaifter  of  Paris. 

Native  gypfum  is  a foft,  friable  matter, 
and  is  found  in  large  quantities  in  many  parts 
of  the  earth.  There  are  large  mountains  and 
hills  in  the  neighbourhood  of  Paris,  which 
are  formed  of  this  fubllance.  It  is  always 
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cryftallized,  or  regularly  difpofed,  but'  its 
forms  are  various.  It  is  found  in  the  form  of 
large,  tranfparent,  fhining  thin  plates,  applied 
to  each  other  fo  exactly,  that  they  conftitute 
maffes  as  tranfparent  as  cryftal.  Thefe  are 
called  lap's fpecularis  by  naturalifts,  from  their 
large  lhining  furfaces,  like  thofe  of  mirrors. 
Again,  large  quantities  of  gypfum  are  found 
cryftallized  in  ftriae,  or  threads,  applied  longi- 
tudinally to  each  other.  This  is  called  ftri- 
ated  gypfum.  And  laftly;  a very  large  quan- 
tity of  gypfum  is  found  in  fmall  irregular 
crystals,  adhering  to  each  other,  forming  femi- 
tranfparent  ftones,  called  gypfeous  alahafter, 
which  are  very  beautiful  when  white  and  pure, 
Notwithftanding  this  diverfity  of  external  ap- 
pearance, thefe  gypfums  are  perfectly  fimilar 
as  to  their  chemical  properties. 

When  expofed  to  a confiderable  heat  they 
3ofe  their  tranfparency,  and  the  adhefion  of 
their  parts  is  almoft  entirely  deftroyed,  fo  that 
they  may  eafily  be  crumbled  into  a fine  white 
powder.  If  they  be  mixed  with  water  in 
this  fate,  they  foon  acquire  that  folidity  and 
confidence  which  we  have  already  mentioned 
eg  their  cliff inguifhing  charadteriftic. 

. “ Gypfum 
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Gvpfum  has  a confiderable  refemblahce  to 
calcareous  earth.  - It  is  foluble  in  water,  to 
which  it  communicates  the  alkaline  property  ot 
changing  the  blue  infufions  of  vegetables  to 
green,  as  quicklime  alfo  does.  It  likewife 
has  fome  adlion  upon  fulphur,  with  which  it 
forms  a hepar  or  liver.  But  it  does  not  dii- 
i folve  or  effervefce  with  acids.  In  fa<ft,  if  a 
fufficient  quantity  of  acid  be  poured  upon 
gypfum,  a kind  of  folution  may  be  made;  but 
the  gypfum  does  not  properly  combine  with 
the  acid ; for  it  may  be  recovered  in  its  origi- 
nal ftate  merely  by  cry  Utilization. 

The  heat  which  is  commonly  produced  in 
furnaces  is  inefficient  to  melt  gypfeous  earths 
without  addition ; but  by  a more  violent  and 
long-continued  heat  it  may  be  fufed.  It  may- 
be melted  by  the  folar  rays  collected  by  a con- 
cave mirror,  and  a very  fmall  piece  may  be 
made  to  melt  and  run  into  a hard  white  glo- 
bule, by  means  of  an  enameller’s  lamp.  But 
in  this  lafl  experiment  it  may  be  fuppofed  to 
receive  phlogifton  from  the  flame. 

If  gypfum  be  boiled  with  a mild  fixed  vege- 
table alkali,  the  water  is  found  to  contain 
vitriolated  tartar,  and  the  earth  at  the  bottom 
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of  the  veffel  becomes  calcareous  earth.  We 
muft  obferve,  that  vitriolated  tartar  is  the 
name  of  a fait  compofed  of  the  vitriolic 
acid,  and  fixed  vegetable  alkali.  The  expla- 
nation of  thefe  appearances  is  evidently  this* 
two  decompofitions  and  two  new  combina- 
tions take  place  by  means  of  what  chemifts 
call  a double  affinity : the  fixed  vegetable 
alkali  combines  with  vitriolic  acid,  which  it 
muff  obtain  from  the  gypfum,  and  forms  vi- 
triolated tartar;  while  the  fixed  air  quits  the 
mild  alkali,  and  combines  with  the  earth  of 
the  gypfum,  forming  mild  calcareous  earth, 
which  may  be  converted  into  quicklime  by 
burning.  From  this  it  is  obvious,  that  the 
component  parts  of  gypfum  are  calcareous 
earth,  and  the  vitriolic  acid. 

If  gypfum  be  diddled  with  powder  of  char- 
coal, a volatile  fulphureous  acid  and  true  ful- 
phur  are  obtained.  Thefe  being  likewife  the 
produce  of  charcoal,  or  other  phlogiftic  mat- 
ters treated  with  the  vitriolic  acid,  are  an  ad- 
ditional confirmation  that  it  exiffs  in  gypfum. 
But  the  exigence  of  the  two  principles  in 
gypfum  is  placed  beyond  doubt,  by  the  artifi- 
cial production  of  this  fubflance,  which  is 
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effected  by  faturating  the  acid  of  vitriol  with 
calcareous  earth.  This  combination  is  called 
felenites. 

From  this  account  we  may  explain  all  the 
properties  of  gypfum.  As  it  is  properly  a 
fait,  it  wants  hardnefs,  is  tranfparent,  foluble 
in  water,  and  capable  of  cryftallization.  It 
cannot  be  combined  with  any  acid,  becaufe 
it  is  naturally  faturated  with  the  vitriolic  acid. 
Its  calcination,  by  which  the  adhefion  of  its 
parts  is  deftroyed,  confifts  in  the  expulfion  of 
the  water  which  entered  into  its  chryftalli- 
zation  : and  when  it  is  again  combined  with 
water,  it  cryftallizes,  or  grows  folid,  very  fud- 
denly  and  confufedly,  becaufe  it  requires  a 
very  great  quantity  of  water  to  hold  it  in  fo- 
lution.  And  the  properties  of  quicklime, 
which  gypfum  obtains  in  a fmall  degree,  may 
be  attributed  to  the  fubtradtion  of  a part  of 
the  vitriolic  acid,  which  combining  with  the 
phlogifton  of  the  fuel,  becomes  fulphur,  and 
is  burnt ; by  which  means  a part  of  the  cal- 
careous bafe  of  the  gypfum  is  left  uncombined : 
and  gypfum  is  accordingly  obferved  to  emit 
a fmall  flame  when  calcined  in  an  open  fire,  . 
or  heated  by  a lamp  and  blow-pipe. 
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• CHAP.  V, 

Of  Acids . 

J'T"'  H E affinities  of  bodies  to  each  other 
Jl  are  fo  numerous,  that  we  find  no  bo- 
dies in  nature  but  are  in  a date  of  compofi- 
tion.  Water  is  in  general  purified  by  diltilla- 
tion,  earth  by  calcining,  and  acids  and  alkalis 
are  never  met  with  pure,  but  muft  be  ob- 
tained by  chemical  methods.  We  fhall  here 
proceed  to  defcribe  the  feveral  acids,  and  the 
fubftances  from  which  they  are  procured. 

Acids  are  obtained  from  the  mineral,  ve- 

■ . » 

getable,  and  animal  kingdoms,  and  are  ac- 
cordingly denominated.  Mineral  acids  arej 
i.  The  vitriolic  acid.  2.  Nitrous  acid.  3.  Ma- 
rine acid.  4.  Acid  of  borax.  Vegetable  acids 
are,  1.  Acetous  acid.  2.  Vinous  acid,  or 
acid  of  tartar.  3.  Ellen  tial  acid  of  vegetables, 
as  lemons,  &c.  4.  Acid  obtained  by  difiil- 

lation  of  vegetables.  Animal  acids  are, 
1.  Phofphoric  acid.  2.  Acid  obtained  by 
diftillation  from  ants.  3.  And  the  poifons  of 
■ ants. 
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ants,  bees,  wafps,  and  other  venomous  animals 
are  probably  acids.  Perhaps  the  number  of 
acids  may  be  much  larger  ; or  perhaps  fome  of 
thefe  may  be  only  modifications  of  other  pri- 
mary acids ; or  they  may  perhaps  be  all  mo- 
difications of  the  one  primary  acid  ; namely, 
that  of  vitriol,  as  the  great  Stahl  conjectures. 

The  vitriolic  acid,  improperly  called  oil  of 
vitriol,  is  obtained  chiefly  from  fulphur, 
which  is  fometimes  found  native,  but  much 
oftener  extracted  from  a mineral  known  by  the 
name  of  pyrites.  Pyrites  is  a hard  fubftance, 
capable  of  giving  fparks  with  a fteel,  from 
whence  it  has  its  name.  It  has  almoft  always 
a metallic,  yellowilh  or  white  appearance,  and 
is  often  very  regularly  fhaped ; but  the  forms 
are  fo  various,  that  it  is  impoffible  to  enume- 
rate them.  Thefe  bodies  are  ores  of  copper, 
arfenic  or  iron ; but  the  proportion  of  ful- 
phur is  very  great  to  that  of  the  metal.  The 
mod  common  kind  are  thofe  which  contain 
iron,  and  are  generally  of  an  irregular  fpheri- 
cal  or  cylindrical  figure,  and  when  broken 
appear  to  be  internally  compofed  of  needles 
01  radii,  which  unite  in  the  center  or  in  the 
axis  of  the  folid. 
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Thefe  pyrites,  which  are  found  to  confift 
of  much  fulphur,  fome  iron,  and  a fmali 
quantity  of  argillaceous  earth,  are  decom- 
pounded by  expofure  to  the  air.  For  the 
phlogifton  of  the  fulphur  has  a tendency  to 
unite  with  the  air,  and  the  vitriolic  acid  of  the 
fulphur  tends  to  combine  with  the  iron. 
Thefe  two  atflions  gradually  decompofe  the 
fulphur,  efpecially  if  a proper  degree  of  moif- 
ture  be  added;  for  the  vitriolic  acid  diiTolves 
iron  more  readily  when  fomewhat  diluted. 
Thus  the  phlogifton  flies  oft  into  the  air,  and 
the  acid,  combining  with  the  iron,  forms  a 
fait,  called  vitriol,  the  whole  mafs  falling  into 
an  eftlorefcence,  or  powder.  This  decompo- 
fition,  and  new  combination,  is  attended  with 
heat  ; and  in  fome  circumftances,  chiefly  de- 
pending on  the  quantity  of  the  pyrites  and 
their  moifture,  actual  fire  is  produced.  Corn- 
bullion,  depending  on  the  rapid  combination 
of  phlogifton  with  pure  air,  as  has  been  al- 
ready obferved,  it  is  not  to  be  wondered  that 
a too  copious  difengagement  of  that  principle 
fhould  produce  ignition  in  the  prefent  inftance. 

The  efHorefcence  being  dift'olved  in  water, 

with  the  addition  of  pieces  of  old  iron,  to 
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combine  with  any  part  of  the  acid,  which 
might  be  in  a difengaged  flate,  produces 
cryflals  of  vitriol,  by  the  evaporation  of  the 
water.  This  vitriol  is  of  ufe  in  the  arts,  and 
was  formerly  the  fubflance  from  which  the 
vitriolic  acid  was  procured.  For  this  pur- 
pofe  this  fait  was  deprived  of  part  of  the  wa- 
ter of  its  crystallization,  by  means  of  fire, 
which  changes  it  into  a red  fubflance,  called 
colcothar.  The  colcothar  being  Submitted 
to  diflillation,  with  a flrong  heat,  affords  a 
Sulphureous  acid,  which  was  afterwards  rec- 
tified by  a Second  diflillation  ; a volatile,  weak 
Sulphureous  acid  came  over  into  the  receiver, 
which  was  called  Spirit  of  vitriol;  and  the 
fixed,  heavy,  and  concentrated  acid,  which 
remained  in  the  retort,  was  called  oil  of  vi- 
triol, and  is  the  pure  vitriolic  acid. 

But  this  troublefome  operation  is  now 
avoided,  and  the  vitriolic  acid  is  obtained 
from  pyrites,  by  a much  fhorter  and  cheaper 
procefs.  By  a flrong  heat  Sulphur  is  fublirped 
in  clofe  veffels,  from  pyrites  not  yet  fallen  into 
efflorefcence,  and  from  the  Sulphur,  by  burn- 
mg,  is  obtained  the  vitriolic  acid.  Every  one 
knows  what  a flrong  and  Suffocating  vapor 
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exhales  from  burning  fulphur;  but  the  chief 
difficulty  confifts  in  condenfing  it.  In  great 
works,  leaden  veifels  are  ufed,  called  houfes, 
of  a prifmical  form,  the  bafes  of  which  are 
about  fix!  feet  long  and  four  broad,  and  their 
height  about  ten  feet.  The  bottom  of  each 
of  thefe  veffels  is  covered  with  a fmall  quan- 
tity of  water,  to  affift  the  condenfation  of 
the  vapor.  Above  the  water  is  placed  a fmall 
veifel,  capable  of  containing  a few  pounds  of 
fulphur,  to  which  a fmall  portion  of  nitre  is 
added  ; becaufe  the  nitre  in  burning  actually 
produces  a quantity  of  pure  air,  by  means 
of  which  the  combuilion  of  the  fulphur  may 
be  continued  a longer  time  without  accefs  of 
freffi  air.  The  veifels  are  to  be  filled  with 
the  vapor  of  hot  water,  and  their  fides  wetted 
with  the  condenfed  fleam:  then  the  fulphur 
is  to  be  kindled  by  touching  it  with  a red  hot 
iron:  the  vapor  of  the  burning  fulphur  riles 
flowly ; and  when  it  has  rifen  as  high  as  the 
mouth  of  the  great  veifel,  this  muflbe  flop- 
ped, or  very  nearly  flopped,  that  the  vapor 
may  be  confined.  The  fulphur  continues  to 
burn  till  the  air  contained  within  the  veil'd 
and  the  nitre  be  no  longer  capable  of  main- 
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taining  the  combuftion.  The  vapor  remains 
a confiderable  time  before  it  be  intirely  con- 
denfed,  notwithstanding  that  this  condenfa- 
tion  is  facilitated  by  the  water  in  the  veffel, 
and  efpecially  by  the  fleam  of  water  with 
which  the  veffel  was  previoufly  filled.  When 
all  the  vapor  of  the  fulphureous  acid  is  at  laft 
condenfed,  the  fulphur  is  to  be  again  kin- 

Idled,  and  more  added,  if  neceffary,  and  the 
procefs  repeated  as  before.  When  a Sufficient 
quantity  of  acid  is  collected,  it  is  to  be  taken 
out  of  the  veffel ; and  after  it  has  loft  its  ful- 
phureous or  volatile  quality  by  expofure  to 
air,  it  is  concentrated,  by  diftilling  oft  the 
fuperfluous  water.  This  is  the  vitriolic  acid ; 
and  its  fixity  is  fo  great,  that  it  cannot  be 
made  to  boil  by  a heat  lefs  than  ignition. 
The  laft  portions  of  water  are  retained  fo 

Jftrongly,  that  they  cannot  be  driven  off  but 
by  a ftrong  and  continued  heat;  and  it  may 
be  fo  far  dephlegmated  as  to  appear  in  a con- 
crete ftate  in  the  ufual  temperature  of  the 
atmofphere. 

The  rationale  of  all  this  is  obvious.  The 
combuftion  caufes  the  phlogifton  of  the  ful- 
phur to  unite  with  the  air,  and  raifes  the  vi- 
3 triolic 


Vitriolic  Acid . 


192 

triolic  acid,  which  is  ftill  fo  volatile,  on  account 
of  a remaining  portion  of  phlogifton,  as  not  to 
be  eafily  condenfed,  without  combining  it 
with  a more  fixed  fubftance,  as  water.  When 
the  contained  air  is  faturated  with  phlogifton, 
the  combuftion  ceafes,  and  the  water  becomes 
llightly  acid  by  the  condenfed  vapors  of  vitri- 
olic acid,  which  acid  is  rendered  more  pure 
by  expofure  to  the  air  with  which  its  phlo- 
gifton combines. 

The  pureft  vitriolic  acid  is  entirely  free  from 
fmell  or  colour,  and  its  fpecific  gravity,  when 
well  concentrated,  is  to  that  of  water  as  17 
to  8.  It  pofteftes  all  the  charaderiftic  proper- 
ties of  acids  more  ftrongly  than  any  other  acid, 
and  its  affinity  with  water  is  fuch,  that  it 
unites  with  it  with  an  aftoni filing  activity  and 
impetuofity ; and  the  heat  refulting  from  the 
re-adion  of  thefe  two  cold  liquors  is  fo  great, 
that  in  an  inftant  it  equals,  and  even  much 
furpaftes,  that  of  boiling  water. 

We  have  already  mentioned  the  production 
of  fulphur,  by  treating  the  vitriolic  acid  with 
any  inflammable  fubftance,  and  have  applied 
the  fad1  to  prove  that  phlogifton  is  fimilar  to 
itfelf  in  all  bodies  which  contain  it.  It  is  not 

therefore 
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therefore  for  the  fake  of  making  fulphur,  which 
can  be  more  conveniently  procured  from  py- 
rites, but  in  order  to  eflabliSh  this  important 
truth,  that  the  experiment  is  made.  The 
chief  circumstance  to  be  attended  to  in  the 
procefs  is,  that  the  vitriolic  acid  be  very  much 
concentrated,  and  the  inflammable  fubftance 
very  dry  : for,  as  the  vitriolic  acid  has  a very 
Strong  affinity  to  water,  its  tendency  to  com- 
bine with  phlogifton  muff  be  weakened  in. 
proportion  to  the  quantity  of  water  which 
prefents  itfelf.  If,  therefore,  the  vitriolic  acid 
in  a fluid  State,  that  is  to  fay,  combined  only 
with  water,  be  lubmitted  to  diftillation  toge- 
ther with  oil  of  turpentine,  or  any  inflam- 
mable fubftance  containing  water,  the  phlo- 
gifton is  made  to  combine  with  the  acid  in 
that  weak  manner  which  constitutes  fulphu- 
reous  acid  ‘ which  is  fo  volatile  that  it  cannot 
be  condenfed  in  the  heat  of  the  atmofphere* 
without  prelenti'ng  another  more  fixed  fub- 
ftance to  which  it  has  an  affinity,  as  we 
have  already  obferved.  But  towards  the  end 
of  the  operation,  when  the  refidue  of  the  oil 
is  reduced  to  the  form  of  a coal,  and  the  vitri- 
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olic  acid  exceedingly  concentrated,  the  com- 
bination forms  true  fulphur,  which  fublimes 
to  the  neck  of  the  retort, 

This  method  is  fimple  and  obvious,  but  is 
attended  with  fome  danger  of  burfting  the 
veffels,  by  a too  rapid  converfion  of  the  acid 
into  vapor.  The  more  ftudied  method  of 
Stahl  is  to  be  preferred,  which  is  this  : vitri- 
olic acid  being  combined  and  faturated  with 
fixed  vegetable  alkali,  forms  a fait  called  vitri- 
olated  tartar : to  this  fait  is  added  an  equal 
quantity  of  fixed  alkali,  together  with  half 
the  quantity  of  powdered  charcoal.  The 
whole  muft  be  put  into  a crucible,  and  well 
mixed  together ; and  the  crucible,  being 
covered,  is  to  be  expofed  to  a ftrong  heat 
fuddenly  applied,  and  continued  a very 
fliort  time.  The  melted  mixture  being 
poured  out  on  a ftone,  previoufly  greafed, 
coagulates  by  cold,  and  is  found  not  to  differ 
from  ordinary  liver  of  fulphur,  except  in 
the  admixture  and  folution  of  a final!  por- 
. tion  of  charcoal.  If  this  liver  of  fulphur  be 
diffolved  in  water,  and  an  acid  added,  a precipi- 
tate fidls  down,  which  is  fulphur. 
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In  the  table  at  the  end  of  chap.  3.  alkali 
and  fulphur  are  faid  to  produce  liver  of  ful- 
phur.  In  order  that  the  juft  mentioned  pro- 
cefs  may  be  more  eafily  uhderftood,  it  will 
be  proper  firft  to  defcribe  this  fubftance.  If 
equal  parts  of  fixed  alkali  and  fulphur  be 
naelted  together,  a compound  is  formed  of  a 
brick-duft  color,  which  is  from  thence  called 
liver  of  fulphur.  This  combination  may 
alfo  be  formed  by  boiling  thefe  two  fubftances 
in  water,  but  the  method  is  lefs  advantage- 
ous, and  therefore  lefs  ufed  than  the  other. 
In  this  compound  the  alkali  is  united  with 
the  acid,  but  much  lefs  ftrongly  than  if  the 
acid  were  not  at  the  fame  time  combined  with 
the  phlogifton.  The  combination  between 
the  acid  and  the  phlogifton  is  alfo  rendered 
lefs  ftrong  and  perfect ; for  the  power  of  fatu- 
ration  in  the  acid,  being  probably  limited. 
Cannot  be  applied  to  the  alkali  without  either 
letting  go,  or  at  leaft  retaining  lefs  forcibly 
the  phlogifton.  From  this  it  follows,  that 
the  phlogiftic  and  alkaline  properties  muft 
be  the  moft  perfpicuous  in  the  compofttion. 
The  phlogifton  being  weakly  attached,  is  con- 
tinually efcaping  and  combining  with  the  air; 
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and  the  alkali,  not  having  its  whole  tendency 
to  union  faturated,  renders  the  compound  fo- 
luble  in  water,  and  even  attradls  the  vapors 
from  the  atmofphere,  by  which  it  deiiquiates, 
or  becomes  moift.  And  therefore  liver  of  ful- 
phur  expofed  to  the  air  continually  emits 
phlogiftic  vapors  of  a faint  and  putrid  fmell, 
by  which  the  air  is  vitiated,  and  at  the  fame 
time  it  grows  more  and  more  moift,  till  at 
length  nothing  remains  but  a deliquium  con- 
taining vitriolated  tartar,  that  is  to  fay,  vitrio- 
lic acid  combined  with  fixed  alkali. 

Pure  vitriolic  acid  has  fo  great  an  affinity 
with  fixed  alkali,  that  it  diflodges  every  other 
acid  with  which  the  alkali  may  be  united, 
and  combines  with  it  itfelf.  But  in  frefh  liver 
of  lulphur,  the  vitriolic  acid,  being  already 
combined  with  the  phlcgifton,  is  weakly  at- 
tached to  the  alkali,  as  has  been  faid,  and  for 
that  reafon  may  be  eafily  feparated  from  it  even 
by  the  weakeft  acid.  Thus,  liver  offulphur 
being  difiolved  in  water,  the  alkali  may  be 
detached  by  pouring  in  any  other  acid,  with 
which  it  unites  : and  confequently  the  vitrio- 
lic acid  and  phlogiflon  being  left  at  liberty 

to  exert  their  whole  mutual  action,  cohere 
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ftrongly,  and  form  again  the  compound  ful- 
phur,  which  not  being  foluble  in  water,  imme- 
diately precipitates  in  the  form  of  powder.  A 
ftrong  phlogiftic  vapor  efcapes  during  this 
procefs  ; from  which  we  may  conjecture,  that 
a part  of  the  vitriolic  acid  of  the  fulphur  is  de-' 
tached  in  a volatile  form  during  the  fufion  by 
which  the  liver  is  made,  and  that  the  remain- 
ing phlogifton  of  that  part  combines  with  the 
alkali : fo  that  when  the  decompofition  takes 
place,  the  vitriolic  acid,  uniting  ftrongly  with 

f r~. 

its  proper  quantity  of  phlogifton,  and  the  alkali 
uniting  with  the  fuperfuied  acid,  that  por- 
tion of  phlogifton  which  was  united  with  the 
alkali  is  left  in  a difengaged  ftate,  and  readily 
combines  with  the  air.  That  thefe  vapors  are 
phlogifton,  appears  from  their  producing  the 
fame  diminution  and  noxious  qualities  in  the 
air,  and  even  from  the  changes  they  produce 
in  metallic  fubftances,  the  calces  of  fome  of 
which  are  even  revived  by  them. 

1 hefe  things  being  duly  conftdered  and  at- 
tended to,  there  will  be  no  difficulty  in  ac- 
counting for  every  thing  that  happens  in  Stahl’s 
piocefs  for  making  fulphur.  The  acid  in 
viti  iolated  tartar  is  in  a ftate  of  much  concen- 
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tration,  and  the  fuperaddition  of  fixed  alkali 
tends  to  increafe  that  concentration,  by  attradl- 
ing  the  water  which  entered  into  the  cryftals 
of  the  fait.  In  this  ftate,  charcoal,  that  is  to 
fay,  phlogifton  combined  with  an  earthy  bafe> 
is  prefented.  The  vitriolic  acid  has  a greater 
affinity  to  the  phlogifton  than  to  any  of  the 
other  principles  which  enter  into  this  com- 
pound, but,  for  the  reafons  mentioned  in  the 
iffift  and  fecond  chapters  of  this  fedtion,  the 
affinities  are  not  exerted  without-heat.  Heat 
therefore  being  applied,  the  principles  of  the 
whole  mafs  arrange  themfelves  fo  as  to  fatisfy, 
as  much  as  poftibje,  their  feveral  elective  attrac- 
tions; the  vitriolic  acid  forms  fulphur  with  the 
phlogifton,  and  the  alkali  holds  that  fulphur  in 
folution,  forming  the  liver,  while  the  charcoal 
is  in  part  decompounded,  in  part  diffolved,  and 
jn  part  merely  mixed  with  the  compound. 

The  next  mineral  acid  is  that  of  nitre  ; but 
whether  the  nitrons  acid  be  really  a mineral 
fubftance  or  no,  is  not  eafy  to  determine.  It 
is  obtained  from  nitre,  a fait  whofe  original  is 
very  dubious,  but  which  is,  for  the  moft 
part,  obtained  by  an  artificial  combination  of 
ap  alkali  with  the  faline  part  of  animal  or 
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vegetable  fubftances,  which  have  completely 
undergone  the  putrefactive  fermentation.  We 
ffiall  be  more  particular  when  we  come  to 
fpeak  of  this  fait,  which  is  found  to  confift 
of  a fixed  alkali,  combined  with  a peculiar 
acid.  This  acid  is  called  the  nitrous  acid. 

To  detach  the  acid  of  nitre,  which  is  ufu- 
ally  called  fpirit  of  nitre,  from  its  alkaline 
bafe,  the  acid  of  vitriol  is  made  ufe  of,  on 
account  of  its  ftronger  affinity  with  the  alkali. 
For  this  purpofe  martial  vitriol,  deprived  of 
its  fuperabundant  water  by  calcination,  or  elfe 
the  pure  concentrated  vitriolic  acid  is  added 
to  nitre,  and  the  whole  fubmitted  to  diftil- 
lation  in  a reverberatory  furnace.  Jn  either 
cafe  the  vitriolic  acid  combines  with  the  alkali 
of  the  nitre,  and  forms  vitriolated  tartar, 
while  the  nitrous  acid,  being  difengaged,  pafifes 
over  in  the  form  of  red  fumes  into  the  receiver, 
in  which  it  becomes  condenfed.  If  the  cal- 
cined vitriol  be  made  ufe  of  in  this  procefs, 
the  nitrous  acid  is  more  red  and  fmoking  than 
in  the  latter  cafe  ; which  circumftance  is  pro- 
bably owing  to  the  phlogifton,  which  is  one 
of  the  principles  of  the  iron.  Thefe  methods 
are  ufually  adopted  by  chemifts,  but  the  ni- 
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tious  acid,  called  aqua  fortis,  which  is  ufed  in 
the  aits,  is  obtained  from  nitre  mixed  with 
clay,  previo-ufly  well  dried.  The  decompofition 
takes  place  as  before,  and  is  in  general  attri- 
buted to  the  vitriolic  acid,  which,  as  we  have 
already  obferved,  is  found  in  all  clays.  But 
if  we  confider  that  the  quantity  of  vitriolated 
tartar  found  in  the  refiduum  is  very  fmall, 
and  that  the  nitrous  acid  may  be  diililled  from 
nitre  mixed  with  clay  already  baked,  as  broken 
tobacco-pipes,  or  even  with  pure  verifiable 
fand,  we  have  reafon  to  conclude  that  thefe 
intermediate  fubftances  are  chiefly  ufeful,  by 
preventing  the  nitre  from  melting  into  a coa- 
gulum,  by  which  means  a more  extenfive 
furface  is  left  for  the  efcape  of  the  nitrous 
acid,  which  comes  over  principally  becaufe 
it  is  much  more  volatile  than  the  alkali  with 
which  it  was  combined. 

In  the  diftillation  of  nitrous  acid,  care  mud 
be  taken  to  apply  the  heat  very  gradually,  as 
a negledl  of  this  precaution  may  be  attended 
with  dangerous  explofions. 

Nitrous  acid,  as  it  is  ufually  met  with,  is 
of  a yellow  draw  color,  and  continually  emits 
yapors  of  the  fame  colour,  and  of  a peculiar 
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Suffocating  fmell.  But  thrs  color  feems  to  be 
accidental,  and  to  depend  upon  Some  com- 
bination of  phlogifton,  with  the  mode  of 
which  we  are  unacquainted  ; for  it  may  be 
deprived  of  it  by  a flight  degree  of  heat  with- 
out affecting  its  other  properties.  This  acid  is 
lighter  than  the  vitriolic,  and,  when  in  the 
utmoft  concentration  that  can  be  obtained  by 
ordinary  means,  is  to  the  weight  of  water  as 
19  to  12.  It  unites  with  water  with  a con- 
fiderable  heat  and  ebullition;  and  while  they 
are  mixing,  the  mafs  affumes  a blue  or  deep 
green  color.  If  expofed  to  the  air  it  attracts 
the  humidity  from  thence,  but  not  fo  ftrongly 
as  the  vitriolic  acid. 

All  the  diftintive  and  general  characters  of 
acids  are  found  in  the  acid  of  nitre..  Many 
chemifts  are  of  opinion  that  it  is  no  more 
than  the  vitriolic  acid  combined  with  phlo- 
gifton  in  the  procefs  of  putrefaction,  by  which 
nitre  is  obtained  : and  they  iupport  their  opi- 
nion by  obferving,  that  the  volatile  Sulphure- 
ous acid,  which  is  evidently  nothing  more 
than  the  vitriolic  acid  combined  with  Philo- 
s'011* refembles  the  nitrous  acid,  and  ap- 
proaches to  it  in  thofe  particulars  in  which  it 
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differs  from  the  vitriolic.  It  is  even  afferted, 
that  the  converfion  of  the  vitriolic  into  the 
nitrous  and  marine  acids  fras  been  effected  s 
but  the  affertion  has  not  yet  been  proved. 

Nitrous  acid  is  one  of  the  moft  powerful 
menftruums  in  chemiftry,  not  that  it  is  the 
ffrongeft  acid,  for  in  ftrength  it  is  inferior  to 
vitriolic  acid,  and  even  in  certain  circum- 
ftances  to  marine  acid  ; but  on  account  of  the 
facility,  the  quicknefs  and  the  adivity  with 
which  it  diffolves  moff  fubftances. 

The  affinity  of  nitrous  acid  to  phlogiffon  is 
very  great.  In  fad,  phlogifton  feems  to  be 
the  intermediate  fubffimee  by  means  of  which 
it  holds  moft  bodies  in  folution.  If  to  nitrous 
acid,  which  is  faturated,  with  iron  for  exam- 
ple, a frefli  portion. of  iron  be  added,  it  will 
diffolve  that  likewife,  and  let  fall  a precipi- 
tate at  the  fame  time,  which  is  a true  calx' 
of  iron.  Now,  whether  the  precipitate  be 
the  iron  laft  added,  which  is  calcined  by  the 
fubtradion  of  its  phlogifton,  or  whether  this 
laft  be  diffolved,  and  a part  of  the  former 
precipitated,  the  refult  is  the  fame,  namely, 
that  the  affinity  of  nitrous  acid  to  iron  de- 
pends on  the  phlogifton  of  the  latter.  And 
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tin,  which  has  the  lead  attachment  to  its 
phlogifton  of  any  metal,  as  appears  by  the 
cafe  with  which  it  is  calcined  by  fire,  is  very 
imperfectly  diffolved  by  this  menftruum ; by 
far  the  greater  part  being  calcined  and  preci- 
pitated without  addition  of  any  other  fub- 
ftance. 

We  have  feen  in  many  inftances  that  heat 
is  produced  by  the  concurrence,  and,  per- 
haps, coljifion,  of  two  fubftances,  whofe 
mutual  affinity  is  very  ftrong : and  we  have 
obferved,  that  the  mutual  affinity  of  phlogif- 
ton and  pure  air  is  very  probably  the  caufe  of 
that  increafe  and  continuance  of  heat  which 
is  feen  in  bodies  which  are  decompofed  by 
the  aCt  of  combuftion.  From  every  experi- 
ment there  is  reafon  to  conclude,  that  the 
affinity  between  the  nitrous  acid  and  phlogifton 
is  very  great : and  from  very  modern  experi- 
ments it  has  been  difcovered,  that  this  acid 
is  the  principal  element  which  enters  into  the 

compofttion  of  pure  air.  By  the  help  of  thefe 
confiderations  and  faCts,  we  may  venture  to 
give  a conjectural  account  of  the  ftrong  and 
furpriting  combuftion  which  is  produced  by 
3 the 
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the  application  of  fubftances  containing  phl0. 
gifton  to  the  acid  of  nitre. 

Concentrated  nitrous  acid  being  poured  on 
any  kind  of  oil  produces  great  heat  and  effer- 
vefcence,  and  in  proper  circumftances  even 
accenfion.  Oil  of  turpentine,  of  faflafras,  or 
of  guyac,  and  in  general  any  thick  oil,  into  the 
compofition  of  which  little  water  enters,  may 
be  inflamed  "by  the  Ample  affufion  of  the  acid. 
But  the  fuccefs  of  the  experiment  is  much 
more  certain,  and  may  even  be  obtained  with 
all  o her  oils,  if  the  nitrous  acid  be  previoufly 
mixed  with  the  vitriolic.  The  oil  is  flrfl: 
put  into  the  veflel,  in  which  the  inflamma- 
tion is  intended  to  be  made.  Then  the  vef- 
fel  containing  the  acid  is  to  be  tied  to  the  end 
of  a long  pole,  that  the  operator  may  not  be 
hurt  by  the  burning  matter,  which  fometimes 
is  thrown  to  a confiderable  diftance  on  all 
Aides.  One-half  or  two-thirds  of  the  acid  is 
poured  at  once.  A confiderable  ebullition  is 
excited ; the  oil  becomes  black,  thick,  and 
fometimes  inflames.  But  if  it  does  not  take 
fire  in  four  or  five  feconds,  the  remainder  of 
the  acid  mufl  be  poured  on  the  part  which 

* appears 
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appears  thicked  and  dried:,  and  then  the  in- 
flammation of  the  mixture  feldom  or  ever 
fails  to  take  place. 

In  mod  chemical  experiments,  and  parti- 
cularly in  this,  the  event  is  more  certain 
when  large  quantities  of  the  materials  are 
ufed.  Lefs  than  an  ounce  of  each  ought  not 
to  be  ufed ; but  when  a pound  of  ftrong 
nitrous  acid  is  poured  on  an  equal  quantity  of 
oil  of  turpentine,  the  effedt  is  grand  and  ado- 
nifhing.  A thick  column  of  dame  and  fmoke, 
of  above  twenty  feet  in  height,  is  indantane- 
oufly  produced. 

Does  not  this  remarkable  phenomenon  de- 
pend immediately  on  the  drong  affinity  be- 
tween the  nitrous  acid  and  the  phlogidon  of 
* the  oil?  In  order  that  this  affinity  may  exert 
itfelf  as  much  as  poffible,  it  is  neceffary  that 
both  fubdances  fhould  be  in  the  mod  un- 
combined date.  The  oil  ffiould  contain  very 
little  water,  and  the  acid  mud  be  very  much 
concentrated.  The  addition  of  vitriolic  acid 
to  the  acid  of  nitre  increafes  this  concentra- 
tion,  by  fubtra&ion  of  part  of  its  water,  to 
which  the  former  has  a greater  affinity  ; and 
it  may  likewife  tend  to  dephlegmate  the  oil 
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at  the  time  of  affufion.  And  fince  the  con* 
currence  of  two  bodies  which  ftrongly  attraft 
each  other,  is  known  to  produce  heat  the 
degree  of  that  heat  will  depend  on  the  ftrength 
of  the  affinity.  If  that  be  fufficiently  great, 
accenfion  may  be  a&ually  produced,  and  the 
bodies  in  the  inftant  of  combuftion  may  be 
volatilized  and  difperfed  on  all  fides  in  a date 
of  ignited  vapor.  Such  is  probably  the  cafe 
in  the  inftance  before  Us. 

The  third  mineral  acid  is  the  marine,  or 
muriatic  acid,  called  alfo  fpirit  of  fait.  It  is 
obtained  from  common  fait,  and  derives  its 
names  from  thence.  If  the  vitriolic  acid  b© 
added  to  common  fait,  the  marine  acid  im- 
mediately rifes  in  white  fumes,  which  are  not 
eaffiy  condenfed.  For  this  reafon,  in  didd- 
ling fpirit  of  fait,  a retort  is  ufed  which  dif- 
fers from  the  common  fort,  in  having  a tubu- 
lar opening,  into  which  vitriolic  acid,  equal 
to  one-third  of  the  weight  of  the  fait,  may 
be  poured  at  feveral  times ; and  becaufe  of 
the  difficulty  of  condenling  the  vapors,  it  is 
ufual  to  dilute  the  vitriolic  with  water ; fo 
that  the  vapors  of  the  water,  palling  over  into 
the  receiver  together  with  the  acid,  affid 

the 
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the  condenfation,  upon  the  principle  already 
explained,  in  fpeaking  of  the  vapors  of  ful- 
phur.  But  in  common  pra&ice  dried  clay  to 
the  quantity  of  about  twice  the  weight  of  the 
fait  is  ufed,  inftead  of  vitriolic  acid.  After 
the  diftillation,  a fait  is  found  in  the  retort, 
called  Glauber’s  fait,  which  differs  from  vitrio- 
lated  tartar 1 in  its  bafe : for  the  bafe  of  com- 
mon fait  is  the  fixed  foflile  alkali,  and  differs 
in  feveral  particulars  from  the  fixed  vegetable 
alkali,  which  is  the  bafe  of  common  nitre. 

The  marine  acid  is  generally  of  a light  yel- 
low, and  emits  white  and  fuffocating  fumes, 
which  are  not  vifiblex  except  in  the  open  air. 
There  is  reafon  to  believe  that  its  colour  is 
accidental,  and  that  it  ought  to  be  clear  and 
tranfparent  when  pure.  Being  more  volatile 
than  either  the  vitriolic  or  nitrous  acids,  it 
cannot  be  concentrated  near  fo  much ; and 
its  affinity  with  phlogifton  is  fo  weak,  that 
we  are  not  affured  that  it  can  at  all  be  com- 
bined with  it,  unlefs  by  the  help  of  fome  in- 
termediate fubftance.  It  therefore  in  general 
dilfolves  metallic  fubftances  lefs,  but  their 
calces  more  readily  than  other  acids  : and  from 
this  property  it  adheres  to,  and  precipitates 

with 
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with  the  calces  of  metals,  which  are  held  ia 
foliation  by  the  vitriolic,  or  nitrous  acids,  and 
forms  marine  falts  with  metallic  bafes.  By 
this  means  it  may  be  made  to  unite  with 
feveral  metals  with  which  it  was  incapable  of 

forming  any  union  while  in  their  metallic  or 
phlogiftic  ftate. 

Yet  by  an  artful  management  of  this  acid 
with  ardent  fpirits,  a very  volatile  and  inflam- 
mable fluid  may  be  obtained  by  diftillation, 
called  ether.  There  are  alfo  vitriolic  and  ni- 
trous  ethers,  though  the  vitriolic  is  the  only 
one  found  in  the  {hops.  This  combination 
feems  to  be  an  intermediate  fubftance  between 
ardent  fpirit  and  oil,  and  partakes  of  the  pro- 
perties of  both. 

The  marine  acid  poflefles  all  the  com- 
mon properties  of  acids. 

The  acid  of  borax  is  better  known  by  the 
name  of  fedative  fait.  It  is  obtained  from 
borax,  which  is  a faline  fubftance,  brought 
from  the  Eaft-Indies,  whofe  origin  is  uni- 
known  to  us.  If  borax  be  diflolved  in  hot 
water,  and  the  folution  filtred,  and  any  one' 
of  the  three  mineral  acids  be  added,  by  a little 
at  a time,  till  the  liquor  be  faturated,  and 

even. 
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even  have  a flight  excefs  of  acid  ; a great 

number  of  fmall  fhining  laminated  cryflals 

will  be  formed  in  the  liquor  when  cool. 

Thefe  muft  be  wafhed  with  a little  very  cold 

water,  and  are  the  fedative  fait.  The  remain- 
| / 

ing  liquor  of  the  folution  is  found  to  contain 
a fait  exadly  the  fame  as  would  have  been 
produced  by  the  combination  of  the  acid 
made  ufe  of  with  mineral  alkali.  If  the  vitri- 
olic acid  be  ufed,  it  contains  Glauber’s  fait,  if 
I the  nitrous  acid,  quadrangular  nitre,  and  if 
the  marine  acid,  common  fait.  And,  on  the 
other  hand,  if  fedative  fait  be  added  to  the 

51  mineral  or  fixed  foffile  alkali,  borax  is  pro- 
duced. V 

Sedative  fait  therefore  ads  as  an  acid  in  the 
: combination  of  borax  by  neutralizing  the 
! alkali;  but  it  is  deficient  in  mod  of  the  other 
properties  of  acids.  It  is  a concrete  fubftance, 

. difficultly  foluble  in  water,  and  may  be  fufed 
1 into  a kind  of  glafs,  without  altering  its  pro- 
perties : and  it  has  neither  the  acid  tafte  nor 
the  property  of  changing  blue  vegetable  in- 
1 fufions  to  red.  Many  chemifts  believe  it  to 
) be  a combination  of  the  vitriolic  acid,  with  a 
vitrifiable  earth;  but  as  the  attempts  to  ana- 
Vol.  II.  P lyze 
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lyze  it  have  not  hitherto  been  fuccefsful,  wo 
have  chofen  to  arrange  it  in  this  place.  Yet, 
neverthelefs,  when  we  fpeak  of  mineral  acids 
we  would  be  understood  to  conform  to  the 
ufual  acceptation,  and  to  mean  the  vitriolic, 
nitrous,  and  marine  acids. 

The  acetous  acid  is  produced  by  a fecond 
fermentation  from  vegetable  fubdances,  which 
have  already  undergone  the  vinous  or  fpiritu- 
ous  fermentation.  This  fecond  fermentation 
is  attended  with  heat,  and  requires  peculiar 
management.  The  chief  circumftance  to  be 
attended  to  is  to  prevent  the  fpirituous  part 
of  the  wine  from  efcaping  j for  the  greater 
the  quantity  of  ardent  fpirits,  or,  in  other 
words,  the  ftronger  the  wine,  the  more  bride 
• and  acid  the  vinegar.  This  acid  is  combined 
with  much  water,  and  oily  or  mucilaginous 
matter,  fo  that  it  cannot  be  obtained  in  a date 
of  fuch  concentration  as  the  mineral  acids.  If 
vinegar  be  diddled,  a purer  acid  may  be  ob- 
tained, but  weaker  : if  it  be  expofed  to  freeze, 
and  the  ice  taken  away,  the  remainder  is  con- 
centrated in  a condderable  decree.  But  the 
highed  degree  of  concentration  of  this  acid  is 
obtained  by  combining  it  with  alkalis,  earths, 
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or  metals,  and  afterwards  decompofing  by 
means  of  fire.  Thus,  verdigrife,  which  is 

1 

copper  corroded  by  the  acid  of  grapes,  be- 
ing diffolved  in  hot  diddled  vinegar,  forms 
by  evaporation  cry  dais  of  a fait  which  is 
improperly  called  diddled  verdigrife  : if  this 
fait  be  fubmitted  to  didillation,  the  water 
which  entered  into  the  formation  of  the 
cry  dais  comes  firft  over;  and  afterwards, 
when  the  retort  begins  to  be  red  hot,  the 
acid  pafies  over,  partly  in  white  clouds, 
and  partly  in  drops.  This  drong  acid  has 
a very  pungent  and  fuffocating  fmell,  and 
is  called  radical  vinegar,  or,  improperly,  fpirit 
14  of  Venus. 

The  acetous  acid  has  all  the  general  pro- 
perties ot  acids.  Radical  vinegar,  when  well 
concentrated,  eafily  crydallizes,  or  takes  a 
! folid  form  without  addition.  It  has,  befides, 
i the  remarkable  property  of  burning  entirely 
I away,  like  ardent  fpirits,  if  heated  in  an  open 
1 pan  and  fet  on  fire.  This,  added  to  the 
! obfervations  which  are  fuggeded  by  the 
■ mode  of  its  formation,  tends-  to  prove  that 
ardent  fpirit  enters  into  the  competition*  of 
1 vineSar’  P 2 Vin0U3 
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Vinous  acid,  or  tartar,  feems  to  be  nothin* 

15 

elfe  than  the  acetous  acid  combined- wkh  a 
portion  of  fixed  vegetable  alkali.  It  is  pro- 
bable that  all  wines  undergo  an  infenfible  fer- 
mentation for  a very  long  time  after  the 
fenfible  fpirituous  fermentation  has  ceafed; 
whence  they  are  altered  and  meliorated  by 
age.  Whether  this  be  a beginning  acetous 
fermentation,  which  is  never  completed  for 
want  of  air,  or  whether  it  be  fomething 
totally  different,  cannot  be  determined  with- 
out exprefs  obfervation  and  experiment;  but 
it  is  during  this  procefs,  that  a concrete  faline 
oleaginous  encruftation  is  formed  on  the  in- 
iide  of  the  calk.  This  matter  exhibits  all 
the  figns  of  the  prefence  of  an  acid,  and  is 
called  tartar.  Tartar,  being  diffolved  in  hot 
water  and  filtrated,  takes  the  form  of  cryftals 
by  cold ; which  cryftals,  being  farther  de- 
purated  by  boiling  in  water  in  which  clay 
is  di ffu fed,  are  at  length  deprived  of  all  their 
oleaginous  matter,  and  partly  by  cooling 
and  partly  by  evaporation,  are  again  cry- 
Aallized.  In  this  laffc  form  they  are  ufually 
sailed  cream  of  tartar. 

I* 


i 


Analyjis  of  Tartar.  213 

In  order  to  difcover  whether  this  purified 
tartar,  or  cream  of  tartar,  be  a fimple  acid 
or  a compound  fait,  it  is  diffolved  in  water, 
and  the  folution  rendered  neutral,  that  is  to 
fay,  neither  acid  nor  alkaline,  by  adding  fome 
fixed  vegetable  alkali.  The  fait  produced 
by  evaporation  and  cooling,  is  called  foluble 
tartar.  Again,  to  a folution  of  cream  of 
tartar  is  added  mild  calcareous  earth,  till 
the  acidity  is  deflroyed,  and  no  more  ef- 
fervefcence  produced  : a copious  white  fedi- 
ment  falls  to  the  bottom,  and  the  liquor  is 
found  to  contain  foluble  tartar  exadtly  as  be- 
fore. Laflly,  if  diluted  vitriolic  acid  be 
poured  on  the  white  fediment,  it  will  be- 
come a gypfum,  or  vitriolic  fait  with  bafis 
of  calcareous  earth,  and  the  liquor  will  con- 
tain an  acid,  to  which,  if  fixt  vegetable  al- 
kali be  added,  it  will,  by  cry  flail  ization  be- 
come cream  of  tartar,  or,  if  the  faturation 
was  complete,  foluble  tartar. 

It  is  not  difficult  to  explain  this.  If  cream 
of  tartar  be  a fimple  acid,  the  foluble 
tartar  produced  in  the  firfl  inflance  muff 
be  a combination  of  this  acid  with  vege- 
table alkali.  But,  in  the  fecond  experiment, 
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we  have  a proof  that  it  is  not  fimple  ; for  in- 
ftead  of  forming  a fimple  combination  with 
the  calcareous  earth,  two  diftinft  fubftances 
are  produced,  namely,  a white  precipitate, 
and  a foluble  tartar  in  the  liquor.  The  pre- 
cipitate is  found  to  be  a fait;  for  upon 
combining  the  vitriolic  acid  with  its  cal- 
careous bafe,  an  acid  which  it  mud;  have 
acquired  from  the  tartar  is  detached.  And 
this  acid,  being  combined  with  vegetable 
alkali,  and  producing  either  cream  of  tartar, 
or  foluble  tartar,  according  to  the  propor- 
tions, evidently  fhews  the  component  prin- 
ciples of  thofe  falts.  Tartar  then  is  a com- 
bination ot  an  acid,  not  yet  fufficiently  ex- 
amined, with  the  fixed  vegetable  alkali,  but 
in  which  there  is  a fuperabundance  of  acid. 
If  a fufficient  quantity  of  alkali  be  added 
to  engage  the  fuperfiuous  acid,  a neutral 
fait  is  produced,  or  if  that  fuperfiuous  acid 
be  combined  with  calcareous  earth,  and 
precipitated  in  the  form  of  a difficultly  fo- 
luble fait,  the  remainder  of  the  tartar,  being 
deprived  of  its  fuperabundant  acid,  mult 
be  converted  into  the  fame  neutral  fait,  or 
foluble  tartar, 
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The  exiftence  of  vegetable  alkali  as  a 
principle  in  tartar,  is  likewife  proved,  by 
treating  it  with  the  mineral  acids.  For  by 
combining;  with  its  bafe,  they  feverally  form 
precifely  the  fame  falts  as  would  have  been 
produced  by  their  dired  combination  with 

fixed  vegetable  alkali. 

The  effential  falts  of  vegetables,  and  the 
acids  which  enter  into  their  compofition, 
t have  not  yet  been  enough  enquired  into. 
An  experimental  analyfis  of  thefe  fubftances 
cannot  fail  to  furnifh  very  interefting  and 
valuable  knowledge.  The  great  difficulty 
in  this  refearch  confifts  in  depriving  the 
falts  of  that  mucilage  and  faponaceous  mat- 
ter, which  not  only  prevents  their  cry- 
ftallizing  in  water,  but  likewife  makes  them 
more  fubjed  to  alteration  when  fubmitted 
to  fire.  The  acid  obtained  from  fugar, 
by  treating  it  with  the  nitrous  acid,  is  found 
to  be  much  more  powerful,  with  reiped  to 
t the  chemical  affinities,  than  the  acetous  acid. 

We  know  very  little  concerning  the  acids 
which  are  procured  from  vegetable,  or  even 
animal  matters,  by  diftillation  : neither  have 
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thofe  fubftances,  which  are  remarkable  as 
poifons  in  venomous  animals,  been  examined 
with  any  degree  of  accuracy. 

The  acid  of  phofphorus  is  ufually  termed 
an  animal  acid.  Phofphorus  may  be  ob- 
tained from  farinaceous  grains,  and  there- 
fore its  origin  is  probably  in  the  vege- 
table kingdom ; but  by  far  the  greateft 
quantity  is  found  in  urine.  If  urine  be 
evaporated,  fo  as  to  leave  but  one  third 
of  the  original  quantity,  the  faline  matters 
it  contains  begin  to  cryftallize  as  it  cools. 
Thefe  falts,  except  one,  are  nothing  more 
than  what  has  been  received  with  the  ali- 
ments, and  have  palled  through  the  animal 
unaltered.  One  of  the  fir  ft  that  crystallizes 
is  the  fait  we  have  excepted.  It  is  called 
fuliblefalt,  and  con  fills  of  the  phofphoric  acid 
combined  with  volatile  alkali.  The  volatile 
alkali  may  be  driven  off  by  heat  j but  the 
acid  is  fo  fixed,  that  it  may  not  only  be 
deprived  of  the  water,  by  which  it  was 
kept  in  a fluid  ftate,  but  alfo  when  thus 
dried,  may  be  rendered  red  hot  without  fub- 
liming,  and  may  be  thereby  changed'info  a 

folid 
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folid  and  tranfparent  matter,  which  has  the 
appearance  of  glafs. 

This  acid  has  all  the  general  properties  of 
acids.  While  hot  it  corrodes  glafs.  But  its 
remarkable  property  is  that  by  combination 
with  phlogifton,  it  forms  a fulphur  which 
is  inflammable  with  a much  lefs  degree  of 
heat  than  the  common  vitriolic  fulphur. 
Thefe  two  fubflances  have  the  peculiar  pro- 
perty of  being  decompounded  by  two  dif- 
ferent kinds  of  combuftion.  If  the  end  of 
an  iron  poker  be  heated  red  hot,  there  will 
be  a certain  part  of  it,  at  a little  difiance 
from  the  ignited  end,  which  will  be  juft  hot 
enough  to  melt  brimftone,  and  caufe  it  to 
fmoke,  without  burfting  into  its  ufual  blue 
flame.  Yet  this  apparent  fmoke  is  an  ac- 
tual luminous  flame,  as  may  be  proved  by 
repeating  the  experiment  in  the  dark;  and 

I if  the  ignited  part  of  the  iron  be  touched 
with  the  fulphur,  the  flrong  and  ardent  flame 
may  be  produced  at  the  fame  time,  by  which 
the  difference  may  more  fenfibly  be  obferved. 
The  faint,  or,  as  it  may  be  termed,  the  phof- 
phoreal  flame,  may  be  produced  in  common 
fulphur  by  an  iron  not  much  hotter  than  the 

hand 
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hand  can  bear,  and  is  incapable  of  fetting 
fire  to  the  lighted  flax.  It  may  even  be 
differed  againfl  the  palm  of  the  hand  with- 
out inconvenience ; in  which  cafe,  the  flame 
is  defle&ed  much  in  the  fame  manner  as 
the  flame  of  a candle  againfl:  the  ceiling  of 
a room. 

Phofphorus  is  fo  inflammable,  that  a very 
flight  friftion  is  fuflicient  to  caufe  the  moft 
violent  combuftion.  The  phofphoreal  flame 
is  produced  in  the  open  air  by  a heat  con- 
fiderably  lefs  than  that  of  freezing  : con- 
fequently  it  always  fmokes,  and  is  continu- 
ally decompofing,  by  the  efcape  of  its  phlo-- 
giflon,  unlefs  this  flow  combuftion  be  pre- 
vented, by  keeping  it  conftantly  immerfed  in 
water. 

If  urine  be  boiled  to  the  confidence  of 
an  extract,  and  afterwards  fubmitted  to  dif- 
tillation,  all  the  volatile  products  come  over 
firft,  and  at  length,  by  a continuation  of  the 
utmoft  violence  of  fire,  the  phofphoric  acid 
combines  with  the  phlogiflon  of  part  of  the 
coaly  refidue,  and  pafles  over  in  the  form  of 
luminous  fumes,  which,  when  condenfed  by 

..  water  in  the  receiver,  are  the  phofphorus. 

But 
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But  this  pFocefs  is  very  tedious  and  labo- 
rious. It  is  therefore  ufual  to  make  it  by 
previously  mixing  a quantity  of  the  extrad 
of  urine,  with  a quantity  of  plumbum  cor- 
neum,  and  a little  powdered  charcoal,  over 
the  fire,  till  by  evaporation  the  whole  is  con- 
verted into  a black  powder.  Plumbum 
corneum  is  a faline  combination  of  the  ma- 
rine acid  with  the  calx  of  lead,  and  is  per- 
. haps  of  no  ufe  in  this  operation.  This  black 
powder  is  fubmitted  to  distillation  by  a gra- 
u dual  heat,  and  the  fire  is  increafed  till  the 
retort  is  red,  and  nothing  comes  over.  The 
receiver  is  then  changed,  and  a new  one  be- 
ing adapted,  half  filled  with  water,  the  fire 
is  raifed  till  the  retort  is  brought  to  a white 
1 heat.  The  pholphorus  pafies  over  in  vapors, 
' and  manifefts  itfelf  by  the  light  which  fpreads 
( through  the  infide  of  the  receiver,  and  which 
ifiues  through  the  little  hole  made  in  its 
j body.  When  the  operation  is  finished,  the 
^ veSTels  are  Suffered  to  cool  during  forty-eight 
) hours.  At  the  bottom  of  the  receiver  is 
c found  a black  coaly  matter,  which  contains 
the  phofphorus.  A Second  distillation  with 
a moderate  heat  rectifies  this  phofphorus : 

water 
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water  being  put  in  the  receiver,  to  prevent 
its  burning  as  it  comes  over.  The  phof- 
phorus  in  this  laft  ffate,  is  of  a pure  yel- 
low colour,  and  being  almoft  as  fufible  as 
fuet,  is  call  into  flicks,  by  putting  it  with 
water  into  fmall  glafs  tubes,  which  being 
immerfed  in  warm  water,  the  phofphorus 
melts,  and  runs  into  a body  at  the  lower 
end. 


CHAP. 
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CHAP.  VI. 

Of  Alkalis , 

ALKALIS  are  either  fixed  or  volatile, 
and  there  are  two  kinds  of  fixed  al- 
kali, namely,  vegetable  and  mineral,  or,  as 
tome  call  it,  foffil.  The  affinities  of  al- 
kalis to  acids  are  fo  great,  that  they  are 
almoft  always  found  combined  with  them. 
Thus,  the  vegetable  alkali  is  found  com- 
bined with  an  acid  in  tartar,  and  in  nitre, 
and  the  mineral  alkali  is  the  bails  of  fea- 
falt.  The  volatile  alkali  is  ufually  com- 
bined with  the  marine  acid,  forming  fal 
ammoniac. 

The  vegetable  and  mineral  alkalis  being  ex- 
ceedingly fixed,  and  in  general  combined  with 
fixed  acids,  it  is  evident  that  they  cannotbe  ob- 
tained alone  by  the  common  chemical  methods. 
The  acid  of  common  fait,  for  example,  can- 
'not  be  made  to  quit  its  bafe  of  mineral  al- 
kali, but  by  combining  that  bafe  with  an 
acid,  and  to  which  it  has  a ftronger  affinity ; 

fo 
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fo  that  the  alkali  muft  always  remain  in  a 
combined  ftate.  The  only  method  of  de- 
compounding thefer  falts,  which  are  com- 
pofed  of  an  acid  and  an  alkali,  is  that  of 
rendering  the  acid  volatile ; but  we  are  not 
well  acquainted  with  the  means  of  doing 
this.  Thus,  if  common  nitre  be  made  red 
hot,  and  charcoal  be  added,  the  acid  of  the 
nitre  combines  with  the  phlogifton  of  the 
charcoal,  and  is  difperfed  by  a rapid  inflam- 
mation : and  at  length  the  vegetable  alkali 
is  left  in  an  uncombined  ftate.  Vitriolic 
falts  may  likewife  be  decompounded  upon 
this  principle  : but,  the  affinity  of  the  ma- 
rine acid  with  phlogifton  is  fo  fmall,  that 
a ftmilar  procefs  has  not  yet  been  contrived 
with  fea-falt. 

All  the  fixed  alkali  in  commerce  is  pro- 
duced by  burning  vegetable  fubftances,  and 
extracting  the  alkali  from  their  affies  by 
means  of  water.  It  has  been  a matter  of 
difpute,  whether  the  fixed  vegetable  alkali 
be  not  formed  by  the  combuftion,  or  whether 
it  pre-exiited  in  the  vegetable.  Both  opi- 
nions are  partly  true.  For*  it  is  evident 
that  fixed  vegetable  alkali  is  contained  in 

fubftances 
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fubftances  which  have  never  pafted  the  fire, 

7 as  in  tartar  or  nitre ; and  it  is  likewife  as 
clear,  that  concrete  acids,  as  they  are  called, 
are  almoft  entirely  changed  into  alkali  by  in- 
cineration. If  tartar  be  tied  up  in  wet 
brown  paper,  and  burnt,  it  is  converted  in- 
to an  almoft  equal  quantity  of  alkali  of  very 
confiderable  purity : and  univerfally,  thofe 
vegetables,  which  contain  the  moft  eflential 
fait,  furnifh  the  greateft  quantity  of  alkali 
by  burning;  but  if,  by  deco&ion,  or  mace- 
ration in  water,  they  be  deprived  of  thofe 
acid  juices,  or  if  they  be  changed  by  pu- 
trefaction, very  little  alkali  is  obtained  from, 
them. 

Fixed  vegetable  alkali  is  obtained  in  a t 
pure  ftate  by  one  or  more  folutions  in  wa- 
ter, and  a careful  calcination.  At  every 
folution  an  earth  is  precipitated,  and  i^  is 
affirmed,  that  alkalis  may  be  entirely  de- 
compounded by  repeated  folutions  and  cal- 
cination. The  vegetable  alkali  rcfembles 
a white  earthy  fubftance,  which  may  per- 
haps confift  of  broken  final!  cryftals,  and  is 
ufually  combined  with  fixed  air  ; but  it  may 
be  rendered  more  cauftic  and  incapable  of 
3 effervefcence. 
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cffervefccn.ee,  by  being  treated  with  quick- 
lime, which  deprives  it  of  the  fixed  air.  If 
expofed  to  the  open  air  it  attracts  moifture, 
increafes  in  weight,  and  becomes  fluid.  The 
vegetable  alkali  obtained  by  burning  tartar  is 
called  fait  of  tartar,  and  the  fluid  produced  by 
its  deliquefcence,  is  improperly  named  oil  of 
tartar  per  deliquium.  Many  other  names 
have  been  given  to  this  alkali,  according  to 
the  mode  of  procuring  it,  as  fixed-nitre,  pot- 
afh,  &c.  but  thefe  are  all  entirely  of  the  fame 
nature. 

Mineral  alkali  is  laid  to  be  found  lying  on 
the  ground  in  the  ifland  of  Teneriffe,  and 
other  places ; but  the  only  practical  method 
of  procuring  it  in  great  quantities  is  by  the 
Incineration  of  marine  plants.  Thefe  plants 
contain  fea-falt,  which  probably  furmfhes  the 
alkali,  by  a converfion  fimilar  to  that  pro- 
duced in  the  burning  of  tartar.  Thefe  allies 
are  known  in  commerce  by  the  name  of  ba- 
rilla, or  foda ; and  the  alkali,  when  purified, 
is  in  the  form  of  fmall  tranfparent  cryftals. 
It  is  fo  far  from  imbibing  the  moifture  of  the 
atmofphere,  that  it  even  lofes  the  water  which 
entered  into  the  compofition  of  its  cryftals. 
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&nd  falls  into  a powder  by  expofure  to  the 
air.  This  weak  affinity  with  water  is  one  of 
the  mod:  diftindtive  circumftances  between  the 
mineral  and  the  vegetable  alkali.  The  mi- 
neral alkali  has  a great  refemblance  in  all  its 
properties  to  the  vegetable  alkali,  but  in  ge- 
neral polfeffes  them  in  a lels  degree.  It  can- 
not cryftallize  when  deprived  of  the  nxed  air 
'with  which  it  is  generally  combined. 

The  ufe  of  the  fixed  alkali,  both  vege- 
table and  mineral,  is  very  great  in  the  arts. 
It  readily  combines  with  all  oils,  especially 
when  rendered  cauftic  by  boiling  with  quick- 
lime, which  abforbs  its  fixed  air.  1 his  cauf- 
tic Solution  or  lixivium  is  called  lye  or  Soap- 
lees,  and  is  converted  into  Soap  by  the  affu- 
fion  of  a proper  quantity  of  oil, ' the  whole 
being  kept  at  a very  gentle  heat,  till  it  is 
brought  to  a proper  confidence,  by  the  evapo- 
ration of  the  water.  Soaps  differ  very  much, 
according  to  the  quality  of  the  oil  made  ufe 
of.  Alkaline  lye  is  likewife  much  ufed  in 
the  art  of  dying. 

The  property  of  diffolving  earths,  and  form- 
ing that  mod:  ufeful  and  beautiful  compofi- 
tion,  called  glafs,  conftitutes  one  of  the  prin- 
Vol,  II.  cipai 
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cipal  advantages  we  enjoy  from  alkalis.  A 
great  heat  is  neceflary  for  this  operation  j for 
which  purpofe  the  melting-pots  are  placed  in 
a large  dome-furnace,  in  which  the  flame  is 
continually  reverberated  on  them,  and  is  never 
fuffered  to  go  out.  Common  fait  and  nitre, 
being  in  part  compofed  of  alkali,  may  be  of- 
fered as  additional  proofs  of  the  benefits  which 
* 

arife  to  us  by  means  of  this  fubftance. 

The  volatile  alkali  is  procured  by  decom- 
pofition  from  all  animal,  and  fome  vegetable, 
fubftances,  and  is  likewife  difengaged  from 
thefe  matters  by  putrefa&ion.  It  feems  to  be 
the  fixed  alkali,  altered  and  volatilized  by 
phlogifton. 

There  are  many  chemical  proeefles  in 
which  volatile  alkali  is  produced  from  fub- 
ftances, in  which  it  did  not  exift  before;  yet, 
that  it  exifts  ready  formed  in  animal  fub- 
ftances, feems  probable,  becaufe  they  all 
give  out  a fmell  of  the  volatile  alkali  when 

O 

fixed  alkali  is  applied  to  them.  Thus,  the 
fufible  fait,  which  conlifts  of  the  phofphoric 
acid  united  with  volatile  alkali,  exifts  ready 
formed  in  urine,  whether  putrified  or  not,  and 
the  alkali  may  be  difengaged  by  throwing  in 

a fufli- 
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a fufficient  quantity  of  fixed  alkali.  This, 
by  its  greater  affinity,  combines  with  the 
phofphoric  acid,  and  the  detachment  of  the 
volatile  alkali  is  immediately  perceived  by  a 
ftrong  pungent  fmell.  And  this  fmell  is  as 
inftantly  deftroyed,  by  throwing  in  an  acid, 
which  fixes  the  volatile  alkali  again,  by  com- 
; bining  with  it,  and  forming  a neutral  fait. 
But  there  is  no  doubt  but  that  in  many  in- 
ftances  volatile  alkali  is  not  merely  difengaged, 
but  produced  by  putrefaction. 

The  volatile  alkali,  which  is  met  with  in 
commerce,  is  obtained  from  fal  ammoniac, 
which,  as  we  have  obferved,  is  a combination 
of  this  alkali  with  the  marine  acid.  Sal  am- 
moniac is  found  ready  fublimed  in  the  neigh- 
bourhood of  volcanos ; but  the  quantity  is 
too  fmall  to  furnifh  the  demands  of  artifts. 
The  great  fupply  is  from  Egypt,  where  it  is 
obtained  by  fublimation,  in  an  impure  Bate, 
from  the  foot  of  the  dung  of  camels,  which 
is  the  common  fuel  of  that  country.  It  is 
purified  with  us,  by  folution  in  water,  filtra- 
tion, and  cryftallization ; and  may  be  fublimed 
a fecond  time,  if  thought  necefiary  • for  the 
: union  between  the  volatile  alkali  and  marine 

0^2  acid 
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acid  is  fuch,  that  they  cannot  be  feparated 
by  mere  heat,  without  the  help  of  an  inter- 
mediate fubftance. 

.Volatile  alkali  may  be  procured  from  fal 
ammoniac  by  diflillation,  if  a fixed  fubflance 
be  added,  which  can  combine  with  the  marine 
acid,  Fixed  alkali,  calcareous  earth,  or  metal- 
lic calces,  may  be  employed  for  this  purpofe. 
But  the  volatile  alkali  cannot  be  procured  in  an 
abfolutely  detached  date  : it  is  always  combin- 
ed either  with  water  or  fixed  air  ; and  if  the  in- 
termediate fubftance  be  incapable  of  furnifh- 
ine  either  of  thefe,  as  is  the  cafe  with  frefh 
hot  quicklime,  the  decompofition  does  not 
take  place.  This  ferves  to  account  for  a dif- 
ficulty which  has  been  darted  concerning  thefe 
decompofitions.  The  volatile  alkali  has, 
very  nearly,  if  not  quite,  as  great  an  affinity 
with  its  acid  bale  as  quick-lime,  and  a much 
greater  than  any  metallic  fubflance,  as  is  evi- 
dent by  its  precipitating  them  from  their  fo- 
lutions  * how  then  does  it  happen,  that  it  i- 
difengagcd  by  thefe  fubflances  ? The  anfvver 
is,  that  though  the  attraction  between  the 
volatile  alkali  and  marine  acid  is  fo  great,  that 
in  dead  of  being  feparated,  they  are  both 
fublimed  together,  yet,  the  addition  of  a 
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third  fixed  fubftance,  which  has  an  affi- 
nity with  the  marine  acid,  may  fo  far 
weaken  that  attraction,  as,  to  render  the  re- 
paration by  heat  poffible.  Or,  if  this  be  not 
thought  fufficient,  the  probability  of  a double 
affinity  taking  place  in  the  prefent  indance  is 
very  great.  Mild  calcareous  earth,  for  example, 
is  added  to  fal  ammoniac,  and  the  whole  fub- 
mitted  to  didillation.  The  calcareous  earth 
attradls  the  marine  acid  of  the  fal  ammoniac, 
which  has  therefore  a tendency  to  be  decom- 
pofed  on  that  account : and  the  volatile  alkali 
being  attracted  by  the  fixed  air  of  the  quick- 
lime, combines  lefs  drongly  with  its  bafe  than 
before.  If  the  fum  of  thefe  two  attractions  be 
greater  than  that  which  unites  the  alkali 
with  its  acid,  a decompofition  mud  take 
place,  though  neither  of  them  fingly  could 
have  effected  it.  The  volatile  alkali  will  con- 
fequently  pafs  over  in  a combined  date  with 
fixed  air,  and  the  marine  acid  will  remain,  ' 
forming  a fait  with  the  calcareous  earth.  A 
fimilar  effeCt  will  follow  if  the  calcareous  earth 
be  caudic,  but  containing  water,  as  is  the 
cafe  with  flaked  lime,  except  that  the  volatile 
alkali  will  then  be  caudic,  and  in  a fluid  date. 

3 And 
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And  if  lime,  containing  neither  water  nor 
fixed  air,  be  ufed,  no  decompofition  will  take 
place.  But  after  all,  this  fubjedt  has  its  dif- 
ficulties. 

Volatile  alkali  differs  according  to  the  fub- 
ftances  from  which  it  was  procured  : but  thefe 
differences  are  owing  to  its  not  being  fuffi- 
ciently  purified.  But  if  it  be  formed  into  fal 
ammoniac,  by  applying  the  marine  acid,  and 
afterwards  recovered,  it  is  univerfally  fimilar. 
There  is  therefore  but  one  fort  of  volatile 
alkali. 

All  the  common  properties  of  alkalis  are 
found  in  this  fubfiance,  excepting  fuch  as  de- 
pend upon  fixity,  which  it  wants.  Its  affi- 
nities are  weaker  than  thofe  pf  fixed  alkali. 
If  (al  ammoniac  be  treated  with  nitre  in  a 
crucible,  the  nitre  inflames  and  detonates  to  a 
certain  degree.  As  the  marine  acid  of  fal 
ammoniac  cannot  be  fuppofed  to  afford  the 
phlogifton,  it  muft  be  furniffied  by  the  vola? 
tile  alkali.  This  is  an  additional  caufe  for 

, , » • > . . 1 . . • • 

believing  that  the  volatile  alkali  contains  a 
greater  quantity  of  phlogifion  than  the  fixed 
alkali. 

The  volatile  alkali  is  ufed  as  a ftimulant  in 

fainting  fits.  With  particular  management 

# ''  " it 
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it  may  be  formed  into  a faponaceous,  com- 
pound with  oil  of  amber,  or  other  oils,  which 
being  diffufed  in  ardent  fpirits,  forms  that 
milky  liquor  called  eau  de  luce.  This  liquor, 
externally  applied,  is  faid  to  be  a fpecific  for 
the  bite  of  vipers. 


CHAP.  VII. 

Of  compound  Bodies ; and  particularly  thofe 
•which  are  inflammable. 


WE  have  finished  our  account  of  fimple 
bodies,  in  which  we  have  been  under 
the  neceffity  of  frequently  defcribing  and  ad- 
verting to  the  properties  of  the  compounds 
which  are  produced  by  their  refpedtive  com- 
binations. This  anticipation,  which  the  na- 
ture of  the  fubjedt  rendered  indifpenfable, 

1 will  conduce  much  to  the  eafy  underftanding 
of  the  nature  of  the  fubftances  we  are  about 
l to  treat  of. 

All  bodies  may  be  arranged  under  two 
general  heads ; namely,  inflammable  and  un- 
inflammable. The  firft  clafs  confifts  of  fuch  as 
poffefs  the  principle  of  inflammability  to  fuch 
0^4  a degree. 
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a degree,  that  they  may  be  decompounded  by 
the  adt  of  combudion.  Thefe  .are  ardent  fpi- 
rit,  ether,  oils,  refins,  fulphurs,  metals,  coal, 
and  have  no  general  term  by  which  they  may 
be  denoted.  The  latter  clafs,  confiding  of 
combinations  of  water,  earth, acids,  and  alkalis, 
and  if  they  poffefs  phlogidon,  being  united 
with  it  in  fuch  a manner  as  to  be  incombuf- 
tible,  may  be  properly  enough  denoted  under 
the  general  name  of  falts. 

Here  it  is  to  be  noted,  that  we  fpeak  of 
bodies,  which,  though  capable  of  chemical 
decompofition,  are  yet  very  fimple.  Even  in 
thefe,  the  limits  of  the  two  claffes  approach 
by  fuch  infenfible  gradations,  that  it  is  diffi- 
cult to  draw  the  difcriminating  line : but  in 
more  compounded  fubdances  there  is  hardly 
any  particular  fpecimen  which  does  not  con- 
fid  of  inflammable  parts  united  with  others  of 
a faline  nature. 

Ardent  fpirit,  or,  as  it  is  ufually  called, 
fpirit  of  wine,  becaufe  it  is  obtained  by  means 
of  the  vinous  fermentation,  is  unalterable  by 
didillation,  when  it  is  diffidently  pure.  It  is 
very  volatile  and  inflammable,  and  burns 

without  producing  any  fmoke  or  coal : if  it 

be 
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be  burned  in  a tubulated  retort,  to  which  a 
large  receiver  is  adapted,  the  condenfed  vapors 
are  found  to  be  very  pure  water.  It  feems 
therefore  proper  to  conclude,  that  fpirit  of 
wine  is  pure  phlogifton,  combined  with 

water. 

If  ardent  fpirit  be  added  to  concentrated 
vitriolic  acid,  and  the  mixture  gently  fhaken, 
they  unite  with  a boiling  heat.  By  a careful 
diftillation,  the  firft  produd  which  pafles  over 
is  a very  dephlegmated  fpirit  of  wine ; next 
an  exceeding  volatile  fluid,  called  ether,  which 
runs  in  ftreaks  down  the  fldesof  the  receiver  j 
and,  laftly,  an  oil,  improperly  called  fweet 
oil  of  vitriol.  A refinous  coal  remains  in  the 
retort.  The  rifing  of  the  oil  is  perceived  by 
the  fulphureous  fmell  which  iflues  from  the 
fmall  hole  in  the  receiver ; at  which  time,  in 
order  to  preferve  the  ether,  the  receiver  is 
removed.  The  ether  is  afterwards  feparated 
from  the  fpirit  by  a fecond  diflillation,  with  a 
very  gentle  heat,  in  which,  on  account  of  its 
greater  volatility,  it  rifes,  and  leaves  the  fpirit 
in  the  retort. 
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Similar  procefles  may  be  made  by  mixing 
fpirit  of  wine  with  the  other  acids ; but  this 
is  the  eafieft,  and  the  mofl:  in  ufe. 

Oil  is  an  inflammable  fubftance,  infoluble 
in  water,  which,  .when  burned,  emits  a 
flame,  accompanied  with  fmoke  ; and  when 
diflilled,  leaves  a refiduum  of  coal.  The  firffc 
part  of  this  definition  diftinguifhes  it  from 
ardent  fpirit,  which  unites  with  water  in  all 
proportions ; and  the  latter  part  indicates  the 
difference  between  it  and  fulphur,  which, 
though  likewife  infoluble  in  water,  burns 
without  either  fmoke  or  refiduum.  Oil  is 
obtained  from  vegetables  and  animals,  but 
never  from  fubftances  which  are  indubitably 
mineral.  Bitumens,  as  petroleum,  amber, 
jet,  afphaltum,  and  pit-coal,  yield  an  oil;  but 
there  are  many  reafons  to  fufpe<ft  that  thefe 
matters  have  been  produced  in  their  prefent 
form  by  time,  and  the  adlion  of  the  mineral 
acids  on  bodies,  which  in  fome  former  ages 
have  been  in  the  flate  of  vegetation  or  anima- 
lization.  Oils  are  obtained  from  vegetables 
by  expreflion  or  diffc illation  with  water.  The 
firfl  are  called  fweet  oils,  and  the  latter  eflen- 


tlal  oils.  Sweet  oils  are  ufually  in  an  uncom- 
bined flate  in  the  veflels  of  the  plant  they  are 
exprefled  from;  they  have  very  little  tafle  or 
fmell ; but  eflential  oils  are  obtained  by  a de- 
compofition  of  the  vegetable  fubflance,  and 
have  all  the  peculiar  fmell  of  the  plant  they 
come  from.  Thefe  latter  are  exceedingly 
fapid,  and  much  more  volatile  than  the  other; 
and,  in  confequence  of  that  volatility,  are  like- 
wife  more  inflammable ; for  oils  cannot  be 
inflamed  but  in  a flate  of  evaporation.  In 
animal  fubftances  there  are  likewife  two  kinds 
of  oil,  namely,  the  fat,  which  is  contained  in 
an  uncombined  flate  in  certain  detached  vef- 
fels,  and  an  oil  which  is  obtained  from  that 
gelatinous  fubflance,  or  jelly,  of  which  the 
parts  of  animals  are  almofl  entirely  formed. 
This  lafl  is  a true  animal  oil. 

All  oils  are  volatile  in  a confiderable  degree. 
The  leaft  volatile  oil  may  be  raifed  by  a heat 
much  lefs  than  a red  heat.  They  are  entirely 
decompofed  by  combuftion. 

If  oil  be  diflilled  without  addition,  an  acid 
phlegm  firfl  rifes,  and  afterwards  the  oil  itfelf, 
accompanied  by  an  acid,  which  becomes  more 
?nd  more  flrong,  as  the  difliflation  advances. 

A fmall 
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A ftnall  quantity  of  fixed  coal  remains,  which 
contains  earth,  phlogifton,  and  a minute  por- 
tion of  fixed  alkali.  If  the  oil  be  repeatedly 
diftilled,  the  fame  products  are  obtained,  and 
the  oil  becomes  more  thin  and  volatile  at 
every  diftillation. 

Concentrated  acids  in  general  combine  with 
oils,  and  render  them  more  thick,  and  ap- 
proaching to  the  nature  of  refin.  Great  heat 
and  blacknefs,  attended  with  a ftrong  ful- 
phureous  fmell,  is  produced  by  the  admix- 
ture of  ftrong  vitriolic  acid  and  oil ; and  the 
admixture  of  the  nitrous  acid  with  oils  pro- 
duces even  accenfion,  as  has  been  already 


remarked. 

The  variety  of  oleaginous  fubftances,  and 
their  refpe&ive  products,  have  not  been  fuffi- 
ciently  and  accurately  attended  to.  Much 
remains  to  be  done;  but  that  which  has 
already  been  done  would  require  too  large  a 
detail  to  be  admitted  in  this  place.  We  fhall 
therefore  only  make  a few  general  obferva- 
tions  on  the  nature  of  the  three  fubftances 
juft  defcribed. 

In  the  diftillation  of  ether,  fpirit  of  wine, 

which  was  fhewn  to  confift  of  phlogifton  and 

, water 
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water,  is  converted  into  an  oil,  and  this  oil 
leaves  an  earthy  refiduum.  The  refiduum 
muft  then  have  come  from  the  acid.  It  is 
therefore  highly  probable  that  oil  is  com- 
pofed  of  water,  phlogifton,  and  acid.  Pure 
fpirit  is  entirely  foluble  in  water.  Ether  is 
partly  fo  ; and  oil  is  totally  infoluble.  Ether 
then  is  a kind  of  intermediate  fubftance,  be- 
tween fpirit  and  oil ; and  in  mod  of  the  pro- 
perties by  which  it  differs  from  fpirit  it  ap- 
proaches to  oil.  It  gives  a fmoke,  and  leaves 
a flight  refiduum  in  burning,  and  has  other 
oleaginous  qualities ; but,  on  the  hand,  it  is 
volatile  like  fpirit,  and  rifes  entire  in  diftilla- 
tion.  The  analyfis  of  oils  fhews  that  they 
contain  water,  phlogifton,  acid,  earth,  and 
a fmall  proportion  of  alkali.  They  are  de- 
compofed  by  diftillation.  A part  of  the 
phlogifton  is  diftipated  : hence  water  and  acid 
appear  in  an  uncombined  ftate.  The  earth  and 
alkali  in  the  refidue  are  probably  part  of  the 
fame  acid,  ftill  more  decompounded  : this  is 
rendered  probable,  by  the  formationof  oil  from 
ardent  fpirit,  juft  mentioned,  in  which  the 
acid  furnifhed  an  earthy  refiduum.  And  the 
'diftilled  oil,  being  deprived  of  part  of  its  acid, 

becomes 


238  Of  Oils, 

becomes  more  volatile  and  attenuated ; that  k 
to  fay,  it  approaches  to  the  nature  of  fpirit. 
In  farther  confirmation  of  this,  we  find  that 
ftifF  and  concrete  oils,  as  fuet,  and  wax,  af- 
ford a greater  portion  of  acid  than  thin  ones ; 
and  thin  oils  may  be  rendered  thick  by  the 
addition  of  an  acid.  On  the  whole,  fince  the 
differences  between  fluid  oils,  concrete  oils, 
wax,  and  reflns,  confift,  in  a great  meafure, 
in  the  varieties  of  confiftence ; and  fince  the 
moil  concrete  oils  may  be  attenuated  in  an 
almofl  unlimited  manner,  by  repeated  diflil- 
lations,  we  may  expert  that  future  experi- 
ments will  fhew  that  thefe  fubflances,  feem- 
ingly  fo  various,  are  much  more  flmilar  than 
has  been  imagined. 

The  animal  oil  obtained  from  jelly  gives 
no  indication  of  the  prefence  of  an  acid,  in- 
flead  of  which  volatile  alkali  enters  into  its 
combination.  Spirit  of  wine,  digefied  with 
ftrong  and  dephlegmated  alkalis,  is  converted 
into  an  oily  or  faponaceous-  fubflance,  without 
pafling  through  an  intermediate  ethereal  fiate, 
as  is  the  cafe  when  it  is  treated  with  acids. 

Eflential  oils,  and  their  concretions,  as  bal- 
fams  and  reflns,  are  foluble  in  fpirit  of  wine, 

but 
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but  fat  oils  and  bitumens  are  not.  Thefe, 
and  the  other  properties  of  fpirit  of  wine,  as' 
a folvent,  render  it  exceedingly  ufeful  in  the 
hands  of  chemifts,  for  making  the  analyfis 
of  compound  bodies  by  the  moift  way. 

We  have  already  taken  notice  of  the  for- 
mation of  fulphur  in  the  chapter  on  acids ; 
and  fhall  only  obferve  in  this  place,  that  it  is 
foluble  in  all  oils.  For  this  purpofe,  an  heat 
fufficient  to  melt  the  fulphur  mud  be  ufed. 
More  fulphur  is  held  in  folution  by  oil  when, 
hot  than  when  cold,  and  confequently  a part 
is  feparated  from  the  oil  as  it  cools : this  part 
takes  a regular  arrangement,  if  the  cooling 
be  gradual.  Oils  impregnated  with  fulphur 
are  called  balfams  of  fulphur. 

When  compound  fubflances,  into  the  com- 
pofition  of  which  earth  and  phlogiflon  enter, 
are  expofed  to  heat  in  clofe  veffels,  as  in  dis- 
tillation, the  volatile  parts  are  all  detached 
and  raifed,  and  the  earth  remains  combined 
with  the  phlogiflon.  This  combination  is 
called  coal,  and  affords  fome  reafon  to  fufpect 
that  the  affinity  of  phlogiflon  to  earth  is 
greater  than  to  any  more  volatile  fubflance, 
pure  air  and  nitrous  acid  only  excepted. 

Charcoal, 
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Charcoal,  for  example,  is  phlogifton,  com- 
bined with  the  earth  of  wood ; for  it  burns 
in  the  air  without  fmoke  or  moifture,  and 
leaves  an  earth : and  charcoal  cannot  be  de- 
compofed  unlefs  pure  air,  nitre,  or  fome  de- 
phlogifticated  earth  be  prefented  to  it  in  a 
very  heated  ftate.  And  this  being  the  cafe,  is 
an  additional  reafon  why  we  cannot  expert  to 
obtain  phlogifton  in  an  uncombined  ftate. 


CHAP. 
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CHAP.  VIII. 

Of  Metals.  Gold.  Silver.  Platina. 

IF  a philofophical  enquirer  were  to  undertake 
to  fearch  into  the  component  parts  of 
natural  bodies,  it  is  probable  that  his  atten- 
tion would  be  fixed  very  early  upon  thofe 
hard  fubftances  which  Contain  the  metals. 
Their  fpecific  gravity  is  fo  great,  that  the 
moil  ignorant  perfon  cannot  take  an  ore  into 
his  hand  without  being  actuated  by  a wifii  to 
know  what  it  is  which  occafions  its  great 
weight.  But  the  arts  originated  in  times 
when  necefiity  was  the  immediate  inducement 
to  almofi:  every  action.  Leifure,  and  a cer- 
tain independance  of  manual  labour,  have 
given  opportunities  to  men  of  genius  to  fyfte- 
matize  and  fpeculate  on  difcoveries  which 
accident  had  produced  long  before ; and  metal- 
lurgy, which  has  been  pra&ifed  from  irtime- 

raorial  time,  is  now  become  a rational 
fcience. 
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If  the  word  ore  be  ufed  in  its  mod  exten- 
five  fenfe,  there  are  few  fands,  clays  or  mud, 
which  do  not  contain  a fmall  portion  of  metal 
but  ores,  properly  fo  called,  are  thofe  fubftan- 
ces  which  contain  fuch  a quantity  of  metal  as 
to  give  them  a remarkable  appearance,  and  to 
make  them  worth  the  miners  attention.  They 
are  not  in  general  found  in  any  confiderable 
quantity  on  the  furface  of  the  earth,  but  are 
obtained  by  digging.  The  cavity  thus  formed 
in  the  earth,  on  this  occafion,  is  called  a mine. 

Metals  are  very  feldom  found  pure.  They 
are  either  mixed  or  combined  with  other  fub- 
flances.  The  Hate  of  combination  is  called 
mineralization.  Gold  is  never  mineralized 
in  its  ore,  but  only  mixed  and  difperfed 
though  the  mafs.  The  other  metals  are 
almod  always  in  a mineral  hate,  and  there- 
fore can  feldom  be  extracted  from  the  ore  by 
pounding,  wafhing,  or  folution,  as  gold  may. 
Solid  ores  are  mod  commonly  covered  with  a 
kind  of  encrudation,  which  mineralogies 
conlider  as  their  matrix.  This  encrudation 
condds  for  the  mod:  part  of  a great  number  of 
regularly  formed  hexagonal  cry  dais,  diffidently 

hard 
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hard  to  ftrike  fire  with  fteel.  Their  fize, 
color,  and  tranfparency,  is  various  in  various 
ores.  They  are  called  quartz.  Ores  are  like-* 
wife  often  accompanied  with  a lefs  hard  ftone, 
called  fpar,  of  a rhomboidal  quadrangular 
figure,  and  of  the  nature  of  gypfum.  An 
attention  to  thefe  and  other  matrices  might 
perhaps  indicate  fome  interesting  particulars 
relative  to  the  earth  of  metals. 

Metals  are  more  frequently  mineralized  by 
fulphur  or  arfenic  than  by  any  other  fub- 
Stance.  The  art  of  refining  con  fiSts  in  fepa- 
rating  thefe  fubflances  from  the  metal,  taking 
care  at  the  fame  time  that  the  metal  fhall  not 
be  deprived  of  the  phlogifton,  or  reduced  to 
a calx ; for  in  this  laft  State,  being  much  lefs 
fufible  than  otherwife,  it  would  remain  mixed 
with  the  earthy  matters  of  the  ore,  inflead  of 
melting  into  a mafs  at  the  bottom. 

Metallic  fubStances  are  distinguished  from 
all  other  bodies  by  their  great  weight.  They 
are,  gold,  filver,  platina;  copper,  iron,  tin, 
lead ; mercury  : regulus  of  antimony,  bif- 
muth,  zinc,  regulus  of  cobalt,  regulus  of 
arfenic,  and  nickel.  The  eight  firft  are  called 
metals,  of  which  gold,  filver,  and  platina,  are 

R 2 called 
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called  perfect ; copper,  iron,  tin,  and  lead, 
are  called  imperfedt  metals  j and  mercury, 
on  account  of  its  great  fufibility,  volatility,  pu- 
rity, and  other  properties,  cannot,  with  propri- 
ety, enter  into  any  clafs.  The  fix  laft  bodies 
are  called  femi-metals,  becaufe  they  poflefs 
the  metallic  properties  in  a lefs  degree  than 
even  thofe  metals  which  are  ftiled  imperfedt. 

The  metallic  properties  are  great  fpecific 
gravity,  fixity,  and  malleability.  Thofe 

bodies,  which  poflefs  all  thefe  properties,  are 
called  metals-.  The  perfedt  metals  are  fo 
termed,  becaufe  they  cannot  be  deprived  of 
them  by  mere  heat,  without  addition.  The 
imperfe'dfc  metals  may  be  very  much  altered 
by  calcination.  And  the  femi-metals  have 
little  or  no  malleability ; befides  which,  fome 
of  them  are  very  volatile,  and  even  combuf- 
tible,  fo  as  to  produce  an  adtual  ftrong  flame.. 

Gold  is  found  in  a great  variety  of  forms^ 
It  is  frequently  imbedded  in  quartz,  and  is- 
found  intermixed  in  larger  or  lefs  particles 
among  the  finds  of  rivers.  Thefe  are  col- 
ledled  by  the  natives  on  the  Gold  Coaft  or 
Guinea,  and  in  Potofi,  in  South  America,  and 

are  feparated  by  wafhing  with  water,  which. 

riescar 
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carries  off  the  lighter  earth  and  imparities. 
The  remaining  matter  is  dried,  and  ground  dr 
•kneaded  with  quickfilver,  which  diffolves  the 
gold,  and  by  fhaking  in  a bag,  or  other  wife, 
is  collected  into  a mafs,  from  which  the  gold 
may  be  obtained,  by  draining  through  leather, 
or  by  fire.  The  cupel  is  alfo  ufed  in  the  pu- 
rification of  gold.  It  is  a (hallow  difh,  or  cru- 
cible, in  which  the  matter  containing  gold  is 
expofed,  together  with  lead,  to  the  reverbe- 
rated flames  of  a furnace.  The  lead  is  con- 
verted into  glafs,  and  vitrifies  every  impure 
metal,  or  other  fubftance,  which  either  foaks 
through  the  cupel,  or  is  blown  afide  by  large 
bellows,  and  leaves  the  gold  in  a refined  date. 

But  this  procefs  is  infufficient  for  the  fepa- 
ration  of  the  perfed  metals  from  each  other. 
Silver  is  feparated  from  gold  by  parting.  The 
operation  of  parting  confifts  in  expofing  the 
maft  to  the  adion  of  the  nitrous  acid,  wThich 
diffolves  the  filver,  but  has  no  affinity  with 
gold,  in  its  aggregate  date:  the  parted  gold  is 
confequentfry  left  in  a porous  form,  which  may 
be  eafily  broken. 

Platina  cannot  be  feparated  from  gold  by 
parting,  on  account  of  the  fimilarity  of  its 
R 3 properties 
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properties  to  thofe  of  gold  : but  if  a mix- 
ture of  gold  and  platina  be  difiolved  in 
aqua  regia,  the  platina  may  be  precipitated 
alone  in  the  form  of  a yellow  powder,  by  the 
addition  of  fal  ammoniac ; and,  on  the  other 
hand,  if  martial  vitriol  be  added  inftead  of  fal 

t 

ammoniac,  the  gold  will  be  precipitated  fingly. 
In  the  refining  of  this,  as  well  as  all  the  other 
metals,  peculiar  contrivances  are  made  ufe  of, 
which  are  adapted  to  the  fiate  of  the  ore  and 
the  nature  of  the  metal.  The  detail  of  thefe 
circumfiances,  though  of  great  importance  in 
practical  metallurgy,  would  be  too  long  for 
the  limits  we  have  prefcribed  to  this  work. 

Pure  gold  pofiefies  the  metallic  proper- 
ties, without  the  pofiibility  of  their  being 
defiroyed  by  any  continuance  of  heat,  hu- 
man indufiry  has  yet  devifed.  It  likewife 

v 

pofiefies  them  'in  the  moll  eminent  degree. 
Gold  is  thought  to  be  the  heaviefi,  the 
moll  unalterably  fixed,  and  the  moil  duc- 
tile and  . tenacious  body  in  nature.  Its 
ductility  appears  by  the  in  fiances  alledged 
concerning  gold  leaf,  at  the  beginning  of 
this  treatife.  To  add  to  the  furprile  which 
fuch  a fubtilty  or  minutenefs  of  particles 

muft 
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mud  occafion,  we  will  again  take  notice 
of  the  gilding  filver  wire  to  make  lace. 
For  this  purpofe  it  is  ufual  to  gild  a cy- 
lindrical bar  of  filver  ftrongly,  and  after- 
wards draw  it  into  wire,  by  pading  it  fuc- 
ceffively  through  holes  of  different  magni- 
tude in  plates  of  iron.  By  this  means  the 
furface  is  prodigioufly  augmented;  notwith- 
ftanding  which,  it  dill  remains  gilt,  fo  as 
to  preferve  an  uniform  appearance  even  when 
examined  by  the  microfcope.  The  quan- 
tities of  gold  and  diver  employed,  and  the 
dimendons  of  the  wire  are  known.  With 
thefe  data,  it  is  eafy  to  calculate,  and  from 
calculation  it  is  proved,  that  bxteen  ounces 
of  gold,  which,  if  in  the  form  of  a cube, 
would  not  meafure  one  inch  and  a quarter 
in  its  dde,  will  completely  gild  a quantity 
of  diver  wire,  fufficient  to  circumfcribe  the 
whole  globe  of  the  earth. 

The  great  tenacity  of  gold  is  proved  by 
fufpending  a weight  at  the  end  of  a wire 
of  a determinate  thicknefs,  in  which  dtu- 
ation  a greater  weight  is  fupported  than  any 
other  metal  of  the  fame  thicknefs  would 
fudain.  Gold  is  not  hard,  is  of  a bright 

R 4 yellow 


248  In dejlr uSiibility  of  Gold. 

yellow  colour,  and  contrads  no  ruft  by  ex- 
pofure  to  air  and  water.  The  colour  of 
different  fpecimens  of  pure  gold  is  not  ex- 
adly  the  fame. 

When  gold  is  expofed  to  the  fire,  it  foon 
becomes  red  hot.  It  is  not  eafily  melted ; 
but  juft  before  the  fufion  it  a flumes  a lively 
green  colour,  which  continues  during  the 
time  it  remains  fluid.  Yet  it  fufters 
no  alteration  by  this  means.  Several  phi- 
lofophers  have  expofed  gold  to  the  utmoft 
violence  of  Are  for  more  than  a month, 
without  finding  it  fuftained  any  lofs  or  change. 
However,  gold  is  faid  to  have  been  vitri- 
fied by  means  of  a very  large  burning  lens ; 
but  it  does  not  appear  that  this  experi- 
ment has  ever  been  made  with  that  caution 
and  accuracy  which  are  neceflary  to  put  the 
matter  out  of  doubt. 

Gold,  while  its  aggregation  is  entire,  re- 
fills the  adion  of  the  ftrongeft  chemical 
menftruums,  either  in  the  dry  or  the  humid 
wray.  It  is  not  foluble,  either  by  the  ftrongeft 
mineral  acids,  when  they  are  pure,  nor  by 
fulphur,  nor  by  alkalis.  Two  compound 
bodies  neverthelefs  are  powerful  folvents  of 

<*old. 
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gold.  The  firft  is  a mixture  of  the  nitrous 
and  marine  acids,  called  by  chemifls  aqua- 
regie z,  becaufe  it  diffolves  gold,  the  king  of 
metals and  the  fecond  folvent  of  gold  is 
liver  of  fulphur. 

The  folution  of  gold  in  aqua  regia  is  very 
eafy.  A very  fmall  quantity  of  nitrous  acid, 
or  even  of  inflammable  matter,  added  to  the 
marine  acid,  gives  the  latter  the  power  of 
diffolving  gold.  Alfo  a very  fmall  quantity 
of  marine  acid,  or  of  any  of  the  falts 
containing  it,  added  to  nitrous  acid,  ren- 
ders the  nitrous  acid  capable  of  dif- 
folving a certain  quantity  of  gold.  But 
experience  has  fhewn,  that  an  aqua  regia 
compofed  of  four  parts  of  nitrous  acid, 
and  one  of  fal  ammoniac,  diffolves  per- 
fectly well'  a fourth,  or  even  a third  part 
of  its  weight  of  gold,  according  to  the 
ftrength  of  the  acid.  Heat  is  neceffary  to 
complete  this  folution,  which  is  of  a fine 
tranfparent  yellow. 

The  power  which  the  nitrous  and  marine 
acids  acquire  by  their  union,  of  diffolving 
gold,  which  neither  of  them  have  feparately, 
is  one  of  the  moff  remarkable  fadts  in  che- 
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miftry.  If  we  may  judge  of  the  perfect 
metals  from  the  phenomena  which  the  im- 
perfect afford,  all  metals  are  compofed  of 
phtogifton  united  with  certain  earths.  In 
fpeaking  of  the  nitrous  and  marine  acids, 
we  obferved  that  the  affinity  of  the  nitrous 
acid  to  phlogifton  is  fuch,  that  it  appears 

to  hold  bodies  in  folution  merely  by  that 

/ 

medium : and  it  was  likewife  noticed,  that 

the  marine  acid,  though  poffieffed  of  very 

/ 

little  affinity  to  phlogifton,  was  more  ca- 
pable of  diffolving  metallic  calces  or  earths 
than  other  acids  were.  This  being  the  cafe, 
a probable  theory  may  be  given  of  the  ap- 
pearance before  us.  The  earth  of  gold  and 
its  phlogifton  adhere  together  with  a pro- 
digious force,  as  is  evident  from  its  pro- 
perty of  refilling  calcination.  The  affinity 
of  nitrous  acid  to  the  phlogifton  is  likewife 
exceedingly  great  •,  but  not  fufficiently  fo  to 
break  and  deftroy  the  aggregation  of  the 
.gold,  or,  in  other  words,  to  diffolve  it.  Its 
aCtion,  therefore,  only  diminifhes  the  force 
by  which  that  aggregation  is  preferved.  The 
fame  argument  may  be  urged  relpeCting  the 

affinity  between  the  marine  acid  and  the 

earth 
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earth  of  gold.  Now,  though  the  fingle 
adion  of  the  nitrous  acki  may  be  ineffi- 
cient to  detach  the  phlogifton  from  the 
eaith,  and  the,  fingle  adion  of  the  marine 
acid  may  be  infufficient  to  detach  the  earth 
from  the  phlogifton  ; yet  it  is  very  probably, 
that  their  united  efforts  may  be  capable  of 
producing  that  divifion,  or  partial  decom- 
pofition,  in  which  folution  confifts. 

Liver  of  fulphur  feems  to  ad  upon  yold 
nearly  on  a fimilar  principle.  If  gold  leaf 
be  mixed  with  melted  liver  of  fulphur,  it 
becomes  entirely  diffiolved,  and  if  the  liver 
of  fulphur  be  then  diffiolved  in  water,  the 
gold  will  pafs  with  the  folution  through  a 
filter.  In  this  inftance  the  vitriolic  acid  of 
the  fulphur  feems  to  attack  the  phlogifton 
of  the  gold,  while  the  alkali  combines  with 
its  earth.  And  thus  a folution  is  made, 
which  could  not  have  been  fmgly  effeded 
either  by  the  fulphur  or  the  alkali. 

Solution  confidered  Amply,  is  an  union  of 
the  integrant  parts  of  one  body  with  the  in- 
tegrant parts  of  another.  It  is  a combi- 
nation which  feems  to  take  place  by  the 
mechanical  divifion,  without  any  real  de- 

compofition 
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compofition  of  the  bodies : and  therefore, 
nothing  more  is  neceflary  for  it  to  take  place, 
than  that  the  mutual  affinity  of  the  bodies 
be  fufficiently  ftrong  to  overcome  the  at- 
traction by  which  the  integrant  parts  are 
united,  and  form  an  aggregate.  For  inftance, 
the  nitrous  acid  attracts  the  phlogifton  of  iron 
fufficiently  to  deftroy  the  aggregation  of  the 
metal,  and  to  reduce,  it  into  parts,  fo  fine,  that 
they  intermix  without  deftroying  the  fluidity 
of  the  acid  j but  its  affinity  is  not  fo  flrong 
as  to  deftroy  the  attraction  between  the  earth 
of  iron  and  its  phlogifton : and  therefore 

the  earth  remains  fufpended  by  the  medium 
of  the  phlogifton.  This  is  folution  ; and  in 
this  no  real  decompofition  takes  place.  But 
with  tin  it  is  otherwile.  The  nitrous  acid 
unites  with  the  phlogifton  of  this  metal  fo 
ftrongly,  as  not  only  to  deftroy  the  aggre- 
gation of  its  parts,  but  likewife  to  detach 
it  almoft  entirely  from  the  earth.  Confe- 
quently  this  laft  is  for  the  greateft  part  pre- 
cipitated in  the  form  of  a very  fixed  calx. 
This  is  not  folution,  but  decompofition. 

By  a proper  confideration  of  this,  it  may 
eaflly  be  under  flood,  that  there  may  be  many 

menftruums 
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*nenftruums  which  poffefs  a fufiicient  af- 
finity with  a given  body,  or  fome  of  its 
principles,  to  hold  it  in  folution,  if  prefented 
in  a hate  of  extreme  divifion,  though  they 
may  be  incapable  of  adling  upon  it  in  an 
aggregate  form.  For  it  is  the  force  of  aggre- 
gation which  is  the  antagonift  to  the  diffiolv- 
ing  power  of  a menftruum.  Many  affinities 
have  been  difcovered,  by  prefenting  bodies  to 
each  other  in  the  form  of  very  fubtile 
powder,  or  of  fleam,  which  could  not  have 
been  manifefted  any  other  way ; and  there  is 
reafon  to  imagine,  that  there  are  no  two 

* 1 

bodies  but  whofe  particles,  if  fufficiently  de- 
tached, would  exhibit  a mutual  affinity. 
Thus,  gold,  when  precipitated  from  aqua 
regia,  by  means  of  an  alkali,  or  any  other 
fubftance  which  has  a hronger  affinity  to 
the  acid,  is  in  a hate  of  extreme  divifion, 
and  may  then  be  diffolved  in  any  acid, 
and  even  by  alkalis,  with  proper  manage- 
ment. 

Chemical  phenomena  are  very  frequently 
fallacious ; and  it  requires  much  care  and  un- 
prejudiced attention  to  reafon  properly  con- 
cerning them.  Precipitations,  for  example, 
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are  ufually  made  by  the  addition  of  fomc 
fubftance  which  engages  the  menftruum  with 
a greater  affinity  than  the  matter  already  dif- 
folved.  But  this  is  not  always  the  cafe.  The 
calces  of  metals  are  precipitated  from  the 
nitrous  acid  by  the  affufion  of  the  marine 
acid,  not  becaufe  this  latter  acid  unites  with 
the  former,  but  becaufe  it  combines  with 
the  calces,  to  which  it  has  a greater  affinity 
than " the  nitrous  acid.  This  combination, 
therefore,  falls  to  the  bottom  neither  in  the 
form  of  a calx,  nor  a metal,  but  of  a fait.  And 
in  like  manner,  gold  may  be  precipitated 
from  aqua  regia,  much  more  readily  by  the 
volatile  than  by  the  fixed  alkali;  notwith- 
ftanding  the  affinity  of  the  latter  to  the  acid 
is  much  greater  than  the  former.  But  both  the 
caufes  of  precipitation  are  united  in  the  ufe  of 
the  volatile  alkali.  The  volatile  alkali  not  only 
tends  to  precipitate  the  gold,  by  faturating 
the  acid,  but  likewife  by  combining  the 
metal,  and  forming  a faline  matter,  which  is 
confiderably  heavier  than  the  original  quan- 
tity of  gold.  This  precipitate  is  yellow,  and 
is  named  aurum  fuhninans , from  its  fingular 
property  of  exploding  with  great  violence 
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and  noife,  if  expofed  to  a very  moderate 
degree  of  heat. 

The  ufes  of  gold,  and  the  ideal  value 

which  the  confent  of  mankind  has  ftamped 

upon  it,  are  too  well  known  to  need  any 

enumeration.  It  is  commonly  mixed  and 

allayed  with  copper,  for  the  purpofe  of 

giving  it  a fufficient  degree  of  hardnefs  ; and 

in  this  date  the  proportion  of  pure  gold,  or 

the  finenefs  of  any  mafs  is  exprefifed  by 

imagining  the  mafs  to  be  divided  into  twenty- 

four  equal  parts,  which  are  called  carrats, 

and  mentioning  the  proportional  quantity  of 

pure  gold.  Thus  a mafs  containing  twenty- 

two  parts  of  gold,  and  the  reft  copper,  is 

Called  gold  of  twenty-two  carrats  fine,  and 

the  like  is  faid  of  other  proportions.  This 

propoition,  namely,  of  twenty-two  carrats, 

is  likewife  called  ftandard  gold,  becaufe  it  is 

the  ftandard  of  the  finenefs  of  the  Englifti 
gold  coin. 

In  fixity  and  ductility,  filver  takes  the  next 
place  to  gold.  It  is  mineralized  by  arfenic 
and  fulphur,  and  aftumes  various  appearances, 
according  to  the  manner  and  proportion  of 
the  combination.  The  methods  of  refining 
3 


it 


256 


Silver.  Platina. 


it  are  chiefly  founded  on  its  indedrudlibility 
by  fire.  It  is  fometimes  found  in  a pure  or 
virgin  date. 

Pure  filver  is  of  a fhining  white  colour, 
and  fomewhat  harder  than  gold.  It  appears 
to  be  as  fixed  and  indedruftible  as  gold,  but 
Its  fpecific  gravity  and  dudtility  are  much  lefs, 
as  is  likewife  its  tenacity.  It  is  not  liable  to 
ruff,  but  is  very  apt  to  affume  a black  colour 
or  tarnifh,  from  phlogidic  vapours.  This 
property  of  attaching  to  itfelf  a greater, pro- 
portion of  phlogifton  than  is  neceffary  to  its 
metallic  date,  is  not  peculiar  to  filver,  but 
is  poffeffed  by  it  in  a greater  degree  than 
by  any  other  metal. 

Silver  is  not  eafily  diffolved  in  its  aggregate 
form  by  any  acid  but  the  nitrous ; though 
with  proper  management  it  may  be  made  to 
unite  diredtly  with  the  vitriolic  or  marine 
acids.  But  the  readied  method  of  forming 
faline  combinations  of  filver  with  acids,  is 
to  precipitate  it  from  the  nitrous  acid,  by 
the  affufion  of  the  acid  with  which  it  is  in- 

tended  to  be  combined. 

Platina  is  a-  metal,  which  has  not  been 

attended  to  till  about  the  middle  of  the  pre- 

■*  fent 
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jferit  century.  It  is  found  in  angular  grains 
in  Spanifh  South  America,  and  is  very  fear cc 
in  Europe.  The  colour  of  the  grains  is 
metallic,  white,  lucid,  not  very  brilliant,  but 
intermediate  between  the  white  of  filver  and 
the  grey  of  iron.  They  are  fmooth,  and  are 
nearly  as  hard  as  iron  3 but  they  have  fcarcely 
any  ductility.  Some  of  them  may  be  flat- 
tened on  an  anvil,  while  others  are  broken 
into  fmall  pieces.  The  fpecific  gravity  of 
platina,  in  its  crude  Hate,  is  nearly  equal  to 
that  of  gold. 

Platina,  like  pure  gold  and  |fllver,  is  Tree 
from  all  fmell  or  tafle.  It  is  not  fufeep- 
tible  of  ruft,  and  is  indeftru&ible  by  the 
moft  violent  and  long  continued  heat.  But 
the  mod;  peculiar  and  diftinguifhing  pro„ 
perty  of  this  metal  is  its  infufibility  by 
the  moft  intenfe  heat  of  ordinary  fires.  Yet 
a fmall  quantity  has  been  fufed,  and  ren- 
dered more  malleable,  by  expofing  it  to  the 
focus  of  a large  burning-glafs. 

Neither  fulphur,  nor  the  pure  acids  have 
any  attion  on  platina  3 but  it  may  be  diflolved 
in  aqua  regia,  and  alfo  by  liver  of  fulphur. 
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The  aCtion  of  thefe  matters  on  platina  is 
however  lefs  than  on  gold.  The  folution 
in  aqua  regia  is  of  a much  more  deep  and 
intenfe  yellow  than  that  of  gold,  and  it  may 
be  precipitated,  either  by  the  volatile  or 
fixed  vegetable  alkalis.  But  it  is  remark- 
able, that  the  mineral  alkali  does  not  pro- 
duce the  lead;  precipitation,  nor  fo  much 
as  render  the  liquor  turbid,  even  though  it 
be  added  in  fufficient  quantity  to  faturate 
the  acid.  None  of  the  precipitates  of  pla- 
tina have  the  property  of  fulminating. 

Notwithftanding  the  extreme  difficulty 
of  fufing  platina  in  its  natural  form,  the 
precipitate  obtained  by  adding  fal  ammo- 
niac to  the  folution  in  aqua  regia  may  be 
fufed  without  addition,  by  the  intenfe  heat 
of  a forge-furnace,  urged  by  double  bel- 
lows. The  fufion  in  this  cafe  is  very  im- 
perfect, but  the  metal  is  rendered  nearly  as 
malleable  as  filver,  and  when  well  ham- 
mered, is  the  heaviest  body  in  nature,  be- 
ing fpecifically  to  water,  as  20170  to  ioco; 
which  is  more  than  one  fiftieth  part  hea- 
vier than  gold. 
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All  the  other  metals  may  be  united 
with  platina,  and  by  that  union  acquire  fe- 
veral  valuable  properties : but  the  prohibi- 
tion of  the  Spanilh  miniftry  againft  ex- 
porting this  metal  from  America,  prevents 
its  being  applied  to  any  ufe* 
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CHAP.  IX. 

t>*\  •*  a ri  *A*A  f A • * . 

Of  the  imperfecl  Metals.  Copper.  Iron , 
’Tin.  Lead. 

NEXT  to  the  perfect  metals,  the  mod 
fixed  and  moft  malleable  is  copper.  It 
is  almofi:  always  met  with  in  a mineralized 
date,  and  its  ores  may  in  general  be  known 
by  Ipots  of  verdigrife  interfperfed  on  their 
furface.  Some  copper  ores  are  rich  in 
filver. 

Pure  copper  is  of  a red  finning  colour. 
It  is  very  hard,  elaftic  and  fonorous,  and  is 
affeded  by  the  combined  adions  of  air  and 
water,  from  whence  it  is  much  difpofed  to 
rufi: : it  emits  a very  peculiar  and  difagreeable 
fmell  when  rubbed,  and  its  tafie  is  equally 
unpleafant.  Every  menfiruum  can  corrode 
and  difiolve  this  metal. 

Copper  is  eaiily  calcined  or  deprived  of 
its  phlogifion,  if  ignited  or  melted  with 
accefs  of  air.  If  one  end  of  a polifiied  piece 
of  copper  be  heated*  Several  fucceflive  ar- 
rangements 
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rangcments  of  colours  will  be  produced  on 
its  fur-face,  fimilar  to  thofe  of  the  thin  plates 
mentioned  in  the  optical  part  of  this  work. 
This  phenomenon  is  common  to  all  the  im- 
perfect metals,  and  feems  to  arife  from  the 
progreflive  calcination  of  the  parts  of  the 
furface.  For  a certain  part  of  the  furface  is 
calcined  in  a given  time,  and  the  thick-nefs  of 
that  part  is  determined  by  the  degree  of  heat : 
and  flnce  the  degree  of  heat  diminifhes  as  the 
diftance  from  the  heated  end  increafes,  fo  alfo 
mult  the  layer  of  calcined  matter  diminhh  in 
thicknefs.  The  feries  of  colours  muff:  there- 
fore be  exhibited  by  reflection,  according  to 
the  feveral  thickneffes 

By  a fufiicient  degree  of  heat,  the  calces 
of  copper  may  be  converted  into  glafs  of  a 
reddilh  brown  colour.  The  calces  of  this, 
and  indeed  of  all  the  imperfeCt  metals,  may 
be  reduced  to  their  metallic  form,  by  being 
heated  with  phlogiflic  matters ; but  the  re- 
duction is  the  more  difficult  in  proportion  as 
the  calces  are  more  completely  dephlogif- 
ticated. 

* Book  II.  Section  I.  Chap.  VIII. 
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The  falts  and  precipitates  formed  by  the 
folution  of  copper,  are  of  great  ufe  in  the 
arts.  Such  are  blue  vitriol  and  verdigrife 
and  the  precipitates  which  are  obtained  by 
adding  calcareous  earth,  or  alkalis,  to  a fo- 
lution of  copper  in  the  nitrous  acid. 

It  is  a general  effedl  with  folutions  of  the 
imperfedt  metals  in  acids,  that  if  a precipi- 
tate be  obtained  by  the  addition  of  an  alkali 
or  an  earth,  that  precipitate  is  a calx  of  the 
metal  previouily  diffolved.  But  if  another 
metal,  whofe  affinity  with  the  mendruum  is 
greater  than  that  of  the  metal  previoufly 
diffolved,  be  added  inffead  of  the  alkali,  this 
laft  will  be  precipitated  in  its  metallic  form. 
Or,  laftly,  if  the  metal  be  precipitated  by  the 
affufion  of  another  acid,  whofe  affinity  to  the 
metal,  or  its  earthy  principle,  be  greater  than 
that  of  the  mendruum  in  which  the  folu- 
tion was  made,  the  precipitate  will  be  a fait. 
The  natural  inference  from  this  is,  that  me- 
tals are  mod:  commonly  held  in  folution  by 
the  medium  of  their  phlogidon,  and  cannot 
be  precipitated  in  their  metallic  date,  except  by 
the  addition  of  another  body,  which  is  capable 

of 
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of  fupplying  the  precipitating  calces  with 
phlogifton.  Such  bodies  are  metals. 

Iron  is  the  next  metal  in  fixity  to  copper. 
Moft  of  the  minerals  called  iron  ores,  have 
an  earthy,  rufty,  yellowish,  or  brownifh  ap- 
pearance. This  metal  is  by  far  the  moft 
abundant  of  any.  There  is  fcarcely  an  earth, 
a fand,  a chalk,  a clay,  a verifiable,  or  cal- 
culable ftone,  or  even  the  afhes  of  any  fub- 
ftance,  which  does  not  contain  an  earth  con- 
vertible into  iron.  The  loadftone  is  an  ore 
gj  of  iron. 

Iron  is  a metal  of  a white  lucid  greyilh 
colour.  It  is  the  hardeft  and  moft  elaftic  of 
all  metals,  and,  except  platina,  the  moft  dif- 
ficult to  be  fufed.  Its  tenacity  is  likewife 
greater  than  that  of  any  other  metal  except 
gold. 

That  which  is  generally  called  iron  is  not 
fufficiently  metallized,  on  account  of  the  dif- 
ficulty of  bringing  a large  mafs  into  a good 
fufion.  In  the  forges  or  iron-works,  the 
hammer  is  in  fome  meafure  made  to  fupply 
this  defedt.  For  by  repeated  ignition  and 
hammering,  the  iron  is,  as  it  were,  kneaded, 
and  the  earthy  parts  worked  out  to  its  furface, 
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while  the  metallic  parts  are  welded  or  united 
together.  But  the  pureft  iron  is  that  which 
is  known  by  the  name  of  heel.  I11  this  all 
the  properties  of  iron  are  found  in  the  molt 
eminent  degree.  It  is  obtained  by  fupplying 
the  bell  common  iron  with  that  phlogifton, 
which  is  wanting  to  completely  metallize  its 
earthy  part.  Steel  is  made  by  fufing  a quan- 
tity of  iron  in  con  tad  with  charcoal,  or  even 
without  fufion,  by  a procefs  called  cementa- 
tion. The  cement  is  formed  of  two  parts 
of  charcoal,  and  one  of  wood-afhes,  well 
powdered  and  mixed  together.  The  bars  of 
iron  are  placed  vertically  in  a cylindrical 
crucible,  and  are  furrounded  with  the  ce- 
ment, fo  that  they  may  be  an  inch  diftant  from 
each  other,  and  from  the  fides  and  ends  of 
the  crucible.  In  this  fituation  the  cover  of 
the  crucible  is  carefully  luted  on,  and  the 
whole  expofed  to  an  equal  red  heat  for  about 
eight  or  ten  hours ; at  the  end  of  which  time, 
the  iron  is  found  to  be  converted  into  heel. 
Yet  as  there  may  be  impurities  in  the  bars  of 
fome  other  kind  than  the  unmetallized  earth, 
this  fteel  will  be  rendered  purer,  and  of  a 
more  even  texture,  if  it  be  afterwards  fufed. 

• - •*  A:  The 
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This  remarkable  property,  of  becoming  me- 
tallized without  fufion,  is  peculiar  to  the 
earth  of  iron. 

Iron  is  the  only  metal  that  is  hard  enough 
to  ftrike  fire  with  verifiable  hones,  or  with 
itfelf.  It  is  a combuftible  fubftance,  and 
when  exceedingly  heated,  burns  in  a fen- 
fible  manner.  A number  of  vivid  and  film- 
ing fparks  fhoot  out  from  it,  which  burn 
with  a kind  of  decrepitation,  and  at  length 
it  is  converted  into  a calx.  But  though  iron 
may  be  eafily  calcined,  it  is  very  difficult 
to  deprive  the  calx  of  the  laid  portions  of 
phlogifton. 

A very  remarkable  phenomenon  appears 
in  the  precipitation  of  iron  from  its  folvent, 
by  the  addition  of  an  alkali  which  has  been 

♦ 

previoufly  calcined  with  bullocks  blood,  or 
fome  other  phlogiflic  matter.  The  pre- 
cipitate is  of  a fine  blue,  is  infoluble  in 
acids,  and  is  known  by  the  name  of  Pruffian 
blue. 

The  theory  of  pruffian  blue  is  embarraffed 
with  many  difficulties.  There  can  be  little 
doubt  but  that  the  alkali  obtains  or  becomes 

, combined 
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combined  with  phlogifton,  by  calcination 
with  inflammable  fubftances.  In  proportion 
as  this  phlogiftication  is  more  perfect,  fo  much 
the  more  does  the  alkali  appear  to  be  de- 
prived of  its  peculiar  properties ; and  if  fatu- 
rated  with  phlogifton,  it  lofes  its  power  of 
combining  with,  and  neutralizing,  acids.  But 
if  the  phlogifticated  alkali  be  added  to  an 
acid  already  combined  with  iron,  the  united 
attractions  of  the  acid  to  the  alkali,  and  of 
the  iron  to  the  phlogifton,  occafion  a decom- 
pofition,  which  neither  could  flngly  have 
effected.  The  acid  unites  with  the  alkali, 
and  forms  a fait  in  folution  of  exactly  the 
fame  nature  as  would  have  been  produced  by 
the  addition  of  a pure  alkali,  while  the  phlo- 
gifton of  the  alkali  unites  with  the  iron,  and 
forms  the  blue  precipitate.  If  the  alkali  ufed 
for  this  purpofe  be  not  well  phlogifticated, 
as  is  feldom  the  cafe,  the  precipitate  is  impure, 
and  green,  conflfting  partly  of  prufiian  blue, 
and  partly  of  an  ochreous  calx  : this  laft  may 
be  diflolved  by  the  affufion  of  marine  acid  on 
the  precipitate,  after  previoufly  feparating  it 
from  the  menftruum  by  filtration. 


Pruflian 


'Theory  of  P ruffian  Blue.  267 

Pruffian  blue  then  is  iron,  fuperabundantly 
phlogifticated.  A flight  calcination  expels 
the  excefs  of  phlogifton,  and  reftores  it  to  the 
ftate  of  iron  : likewife  a folution  of  very  pure 
alkali  being  poured  on  pruffian  blue,  deprives 
it  of  its  color,  and  reduces  it  to  an  ochre  ; the 
alkali  at  the  fame  time  becoming  completely 
phlogifticated,  if  the  quantity  of  pruffian  blue 
be  fufficient.  Here  it  is  obfervable,  that  the 
affinity  of  the  alkali  is  greater  than  that  of  the 
iron  to  the  coloring  matter  of  the  pruffian 
blue,  fince  it  attracts  it  from  the  latter  j and 
that  iron  can  only  become  pruffian  blue  when 
there  is  an  acid  prefent,  which,  by  attaching 
itfelf  to  the  alkali,  weakens  its  attraction  to  the 
phlogifton. 

But  the  great  difficulty  of  this  apparently 
confiftent  and  obvious  theory  is,  that  if  phlo- 
gifton be  the  medium  of  affinity  between 
acids  and  metals,  and  even  alkalis,  as  there  is 
great  reafon  to  imagine,  it  is  ftrange  that  an 
excefs  of  phlogifton  ffiould  deftroy  that  affi- 
nity. If  this  be  true,  there  muft  be  a certain 
maximum  of  affinity  between  acids  and  metals, 
for  example,  iron,  which  will  depend  on  a 
precife  proportion  of  phlogifton  in  the  latter, 

and 
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arid  will  be  diminished  either  by  adding  to, 
or  fub trading  from  that  proportion.  Pruf- 
fian  blue,  for  inftance,  is  infoluble  in  acids : 
a flight  calcination  renders  it  foluble ; a 
greater  calcination  renders  it  lefs  foluble.  The 
metallic  fiate  then  is  a kind  of  medium  be- 
tween a calx  and  a fuperphlogifticated  com- 
bination : from  which  it  feems  to  follow, 

-*  i 

that  an  alkali,  phlogifticated  to  a certain  de- 
gree, ought  to  precipitate  iron  in  its  metallic 
' fiate;  which,  neverthelefs,  does  not  happen. 
Notwithstanding  thefe  objections,  it  is  pro- 
bable that  the  theory  is  true,  and,  if  well  un- 
derftood,  would  perhaps  lead  to  difcoveries  of 
importance  : but  in  order  to  promote  that 
caution,  which  cannot  be  too  much  inculcated 
in  philofophical  matters,  we  have  chofen  to 
fpeak  in  an  indeterminate  manner. 

All  vegetable  aftringent  fubftances,  as  galls, 
pomegranate  rind,  &c.  precipitate  iron  from 
its  folvents  in  a black  powder,  or  mud.  This 
black  powder  feems  to  be  formed  by  a procefs 
Tometiling  analogous  to  that  which  obtains  in 
making  pruffian  blue  ; but  it  differs  from  this 
laft  fubftance  in  leveral  refpeds,  particularly 

ill  that  of  being  foluble  in  acids.  If  gum  be 
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added,  together  with  galls,  to  the  folution  of 
iron,  the  precipitate  is  formed,  but  is  kept 
fufpended  in  the  liquid  by  the  mucilagi- 
nous quality  of  the  gum ; constituting  that 
black  fluid,  which  is  known  by  the  name  of 
ink. 

The  affinity  of  iron  to  fulphur  is  very  great, 
and  exceeds  that  of  any  other  metal  to  that 
fubftance.  It  is  therefore  fuccefsfully  em- 
ployed as  a medium  in  the  depuration  of  fe- 
veral  fulphureous  ores.  Iron  is  confiderably 
more  fufible  when  combined  with  fulphur 
than  when  alone.  If  a bar  of  iron,  heated  to 
a white  heat,  be  applied  to  a roll  of  fulphur, 
a combination  takes  place;  and  the  melted 
matter,  which  falls,  is  a kind  of  pyrites, 
formed  of  both  fubftances.  This  experiment 
ought  to  be  performed  over  a pail  of  water, 
that  the  melted  matter  being  immediately 
extinguiffied,  may  not  incommode  the  ope- 
rator with  its  fumes. 

The  decompofition  and  fpontaneous  ac- 
cenfion  of  ferruginous  pyrites  have  already 
been  mentioned.  Thefe  effects  are  produced 
but  flowly,  on  account  of  the  fmall  proportion 
of  iron,,  and  a quantity  of  earth,  which  enters 

into 
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into  the  compofition  of  thefe  natural  bodies. 
But  if  equal  weights  of  iron-filings,  and  pow- 
dered fulphur,  to  the  quantity  of  twelve 
pounds  or  more,  be  kneaded  together  into  a 
pafte  with  water,  the  mixture,  in  a few  hours, 
will  fwell,  become  hot,  melt,  emit  vapors, 
and  take  fire.  The  rationale  of  this  has  been 
fufficiently  explained  in  fpeaking  of  the  vitrio- 
lic acid. 

Iron  is  a very  deftrudible  metal.  It  is 
ftrongly  aded  upon  by  mod  menftruums,  and 
in  fome  degree  by  all : whence  it  is  very  fub- 
jed  to  ruft. 

But  the  moft  uncommon  and  peculiar  pro- 
perty, which  diftinguifhes  this  ufeful  metal 
from  every  other  fubftance  on  earth,  is  the 
attradive  or  repulfive  force  which  one  piece 
of  iron  exerts  on  another  at  a very  fenfible 
didance.  Several  of  the  ores  of  iron  poflefs 
this  property,  and  are  called  loadftones,  or 
magnets,  and  the  property  is  called  mag- 
netifm.  Iron  which  has  been  extracted  from 
the  ore  by  art  is  not  fenfibly  magnetical,  but 
may  be  rendered  fo  by  rubbing,  filing,  eledri- 
fying,  contad  with  a magnetical  fubftance,  or 

by  long  remaining  in  one  pofition.  This 
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attraction  and  repulfion  being  the  only  per- 
manent power  of  the  kind  which  comes  un- 
der the  immediate  cognizance  of  the  fenfes, 
may,  perhaps,  in  fome  future  time,  ferve  as 
a clue  to  dired  the  purfuit  and  difcovery  of 
the  caufes  of  the  attractions  of  gravity,  the 
attractions  and  repulfions  of  cohefion,  electri- 
city, See.  and  is  of  fuch  importance  both  to 
philofophy  and  the  practical  fciences  of  navi- 
gation and  geography,  in  their  molt  extenfive 
fenfe,  that  it  will  be  proper  to  treat  of  it  in  a 
feparate  chapter. 

The  great  hardnefs  of  iron  renders  it  ex- 
tremely ufeful  for  the  conltruCtion  of  all  cut- 
ting tools.  If  heated,  and  plunged  fuddenly 
in  water,  it  becomes  very  hard  and  brittle. 
This  operation  is  called  tempering,  and  is 
fuch,  that  fteel  is  often  made  fufficiently  hard 
to  cut  glafs. 

Tin  is  feldom  found  in  a virgin  or  pure 
ftate.  Its  ores  are  various;  but  the  richeft  is 
a done  of  a blackifh  brown  color,  and  is 
much  heavier  than  ores  in  general  are.  The 
caufe  of  this  is,  that  arfenic  is  the  fubftance 
with  which  tin  is  combined  in  its  mineral 
ftate ; whereas  other  metals  are  ufually  mine- 
ralized 
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ralized  by  fulphur,  which  is  a much  lighter 
body  than  arfenic. 

Tin  is  of  a white  color,  refembling  filver, 
though  lefs  beautiful.  It  is  the  lighted:  of 
all  metals,  and,  except  lead,  the  fofteft  and 
lead:  elaftic.  Lefs  heat  is  required  to  melt  tin 
than  any  other  metal,  and  it  may  be  eafily 
reduced  to  a calx,  which  is  very  refractory, 
but  may,  however,  be  vitrified  by  a violent 
heat  in  particular  circumftances.  This  me- 
tal may  be  attacked  and  didfolved  by  all  the 
acids ; and  the  phenomena  it  affords  are  various 
and  intereding.  Nitrous  acid  attacks  tin  with 
great  violence,  but  feems  to  unite  very  little, 
if  at  all,  to  its  earthy  part ; this  latter,  there- 
fore, is  continually  precipitated  in  the  form  of 
a white  calx,  which  is  very  difficult  of  reduc- 
tion. When  tin  is  diffolved  in  the  vitriolic 
acid,  fulphureous  vapors  are  emitted,  and 
fmall  particles  of  black  inflammable  ful- 
phur are  obferved  fwimming  in  the  men- 
ftruum.  Thefe  circumftances,  added  to  the 
readinefs  with  which  tin  may  be  calcined 
by  fire,  feem  to  indicate  that  the  adhefion 
between  its  phlogifton  and  earth  is  very 
weak. 
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Tin  is  not  much  fubjeit  to  ruft,  but  con- 
trails a fuperficial  tarnifh,  from  the  a&ion  of 
the  atmofphere,  which  does  not  enter  deeply 
into  its  fubdance.  It  is  therefore  advanta- 
geoufly  ufed  in  tinning  copper  utenfils,  and 
covering  the  furfaces  of  thofe  thin  plates  of 
iron  which  are  commonly  called  tin.  The 
compofition  called  pewter  confids  of  tin, 
allayed  with  a frnall  proportion  of  copper, 
bifmuth,  lead,  and  zinc. 

All  metals  may,  by  fufion,  be  combined 
with  tin,  and  in  all  proportions.  It  renders 
them  much  more  brittle  and  fonorous.  The 
fpeculums  of  reflecting  telefcopes  are  made  of 
a mixture  of  tin  and  copper.  If  tin  be  ad- 
ded to  mercury,  a folution,  or  perhaps  mix- 
ture, takes  place,  and  the  mercury  be- 
comes lefs  fluid  in  proportion  as  the  quantity 
of  tin  is  greater.  If  the  proportion  of  tin  be 
very  great,  a kind  of  pade  is  formed,  called 
amalgama.  The  greater  part  of  the  mercury, 
which  is  thus  united  with  tin,  may  be  lepa- 
rated  by  draining  through  a piece  of  leather; 
which  feems  to  indicate,  that  no  real  folution 


takes  place.  From  the  fpecific  gravity  of 
the  amalgama,  there  is  reafon  to  conclude. 
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that  the  integrant  parts  of  tin  are  at  lead  of 
as  great  fpecific  gravity  as  thofe  of  mercury. 

The  iilvering  of  looking-glaffes  is  an  amal- 
gama  of  this  kind.  For,  quickfilver  being  dif- 
fufed  on  a leaf  of  tin-foil,  the  glafs  is  flipped 
upon  the  furface,  and,  by  means  of  weights, 
is  prefled  dovvn  fo  as  to  exclude  the  fuperflu- 
ous  quickfilver.  The  amalgama  adheres  to 
the  glafs,  and  in  a fhort  time  is  fufficiently 
hard  to  be  handled  and  applied  to  ufe. 

Lead  is  almoft  always  found  in  a minera- 
lized date.  In  general  it  is  mineralized  by  ful- 
phur,  and  appears  of  a dark  white  metallic  color, 
internally  compofed  of  cubes  of  different  fizes 
applied  to  each  other,  but  not  adherent.  The 
ores  of  lead  almoft  always  contain  filver. 

Lead  is  of  a blueifh  white,  and  has  lefts 
hardnefs,  dudility,  tenacity,  or  elafticity,  than 
any  other  metal.  Its  weight  is  confiderable, 
being  the  heavieft  body  in  nature,  except 
gold,  platina,  and  mercury.  It  is  nearly  as 
fufible  and  calculable  as  tin,  but  its  calces  are 
not  fo  refradory.  For  they  cannot  be  made 
to  part  with  the  laft  portions  of  phlogifton, 
and  are  very  eafily  revived  and  converted  again 
into  lead.  In  the  calcination  of  lead  by  a 

moderate 
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moderate  fire,  the  calx  is  firft  grey ; then  yel- 
low, called  mafficot  ; then  red,  called  minium, 

or  red-lead  : if  the  fire  be  increafed,  the  red- 

- • 

lead  is  converted  into  a pale  red  or  yellow 
vitrified  fubftance,  called  litharge)  and  if  it 
be  hill  more  urged,  a true  vitrification  takes 
place,  and  the  litharge  becomes  glafs  of  lead. 
Glafs  of  lead  is  fo  fluid  and  adtive,  that  it 

Ipaffes  thro’  the  moft  compadt  crucibles.  Thefe 
fubflances  are  all  of  great  ufe  in  the  arts. 

Lead  is  foluble  by  all  acids,  and  prefents 
nearly  the  fame  phenomena  as  filver.  It  is 
fubjedt  to  ruft  by  expofure  to  the  air,  but 
much  lefs  fo  than  either  iron  or  copper. 
Sheet-lead,  expofed  to  the  vapors  of  vinegar, 
becomes  covered  with  a ruft  of  a beautiful 
white  color,  called  cerufe,  or  white-lead. 

The  purpofes  to  which  lead  is  applied  are 
very  numerous.  Its  application  to  the  puri- 
fying the  perfedt  metals  by  the  cupel  has 
already  been  explained.  The  eafe  with  which 
its  calx  may  be  fufed  renders  it  very  advanta- 
geous as  a dux  in  the  preparation  of  enamels. 
It  enters  into  the  composition  of  moft  fine 
£ glafs,  and  is  the  bails  of  the  glazing  of  all  the 
better  kinds  of  pottery. 
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CHAP.  X. 

Of  Mercury , or  Quickfher. 

\/TERCURY  is  frequently  found  pure, 
X ▼ A but  much  oftener  combined  with  ful- 
phur,  in  the  form  of  red  maffes,  compofed 
of  needle-like  parallel  ftrias.  This  mafs  is  cal- 
led native  cinnabar.  There  is  another  ore  of 
mercury,  of  a blackifh  grey  color,  of  a glafly 
texture,  and  brittle,  which  contains  a fmall 
proportion  of  copper.  But  this  ore  is  leldom 
met  with. 

Mercury,  which  is  alfo  called  quickfilver, 
cannot  eafily  be  extracted  from  cinnabar  by 
mere  heat  ; for  the  mercury  and  the  fulphus 
being  both  volatile,  are  fublimed  together, 
without  alteration,  in  clofe  veffels.  An  inter- 
mediate fixed  fub fiance  mud  therefore  be  ufed, 
whofe  affinity  with  the  fulphur  is  greater  than 
that  of  the  mercury.  There  are  many  fuch, 
but  iron  is  mod:  frequently  made  ufe  of.  If 
iron-filings  and  pounded  cinnabar  be  mixed, 

and 
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and  fubmitted  to  diflillation  in  a retort,  the 
iron  combines  with  the  fulphur,  forming  a 
pyritous  compound,  and  the  mercury  paffes 
over  in  fumes,  which  are  condenfed  by  water 
previously  put  into  the  receiver  for  that  pur- 
pofe. 

This  metallic  fubfiance  is  lingular  in  pof- 

feffing  a very  great  degree  of  fufibility  and 

, 

volatility.  Its  color  is  of  a lhining  white,  and 
it  does  not  appear  to  be  fufceptible  of  ruft  from 
expofure  to  the  air.  Gold  and  platina  except- 
ed, it  is  the  heaviest  body  known.  In  our  cli- 
mate it  is  always  melted  or  fluid  5 but  in  De- 
cember, 1763,  the  cold  in  Siberia  was  fo  in- 
tenfe,  that  quickfilver  was  condenfed  into  a 
foft  fubfiance  like  pewter.  In  this  date  it 
was  malleable,  and  its  flexibility  feemed  to  be 
intermediate  between  thofe  of  lead  and  tin. 
The  beginning  congelation  of  mercury  is  at 
feventy-eight  degrees  of  Fahrenheit' s thermo- 
meter, below  the  freezing  point  of  water. 
But  the  adtual  confolidation  of  mercury  was 
before  afcertained  in  December,  1759,  by 
the  academicians  at  Peterfburgh,  who  availed 
themfelves,  during  a very  fevere  feafon,  of  the 
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extreme  cold  which  is  produced  by  the  affu- 
fion  of  ftrong  fpirit  of  nitre  upon  fnow. 
This  laft  experiment  has  been  repeated  at 
Hudfon’s  Bay  in  1775 

Repeated  diffcillations  of  pure  mercury  pro- 
duce no  change;  but  if  mercury  be  expofed 
in  a large  flat-bottomed  matrafs,  with  a long 
neck,  open  at  top,  to  the  greateft  heat  it  will 
bear,  without  volatilizing,  its  furface  gradu- 
ally, in  the  courfe  of  two  or  three  months, 
becomes  covered  with  a red  powder,  which 
floats  on  the  fluid  mercury  without  mixing 
with  it.  This  powder  is  called  precipitate  of 
mercury  without  addition.  It  is  flippofed  to 
be  a calx  of  mercury,  but  may  be  revived 
merely  by  increafing  the  heat.  It  is  there- 
fore more  probably  mercury,  combined  with 
air  in  fuch  a manner  as  to  approach  to  a faline 
fiate. 

Several  chemifts  have  taken  occafion  to  ob- 

* • • ......  j ■ - • 

jedt  againft  the  dodtrine  of  phlogifton,  from 
obferving  the  revival  of  metallic  calces  with- 

t „ ¥ 

out  addition.  It  is  an  ipdubitable  fadt,  that 
the  calces  of  metals,  whether  obtained  by  fire 

* See- the  Philofophical  Tranfafliops  for  1760  and  1775. 
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or  precipitation,  are  more  heavy  abfolutelv 
than  the  metals  from  which  they  were  pro- 
duced ; and  it  is  as  certain,  that  they  produce 
or  give  out  air  when  they  are  redored  to  their 
metallic  ftate.  Why,  then,  fay  the  obje<ftors, 
fhould  we  not  attribute  the  calcination  of 
metals  to  the  addition  of  the  principle  air 
rather  than  to  the  fubtra&ion  of  the  principle 
phlogifton  ? — Tho’  this  objection  is  fbong, 
yet,  for  want  of  experiments,  it  is  not  fuffi- 
ciently  decifive  to  induce  us  to  give  up  the 
very  probable  and  confident  theory,  of  phlo- 
gifton, which  feems  to  be  lupported  by  many 
other,  and  independant  proofs. 

The  nitrous  acid  readily  diffolves  mer- 
cury, and  forms  a cryflallizable  fait.  If  this 
fait  be  fubmitted  to  heat,  a great  part  of  the 
acid  may  be  driven  off,  and  a red  mattei  is 
left,  called  red  precipitate,  which  has  a con- 
fiderable  analogy  with  the  precipitate  per  fe, 
or  without  addition.  In  fadt,  all  metallic  falts 
may  be  thus  decompounded,  and  deprived  of 
mod  of  their  acid  by  mere  heat.  Their  re- 
maining fixed  part  feems  to  indicai.e  the  na- 
ture of  metallic  calces.  1 hus,  the  rud  of 
iron,  verdigrife  or  the  rud  of  copper,  cerufe 
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or  the  ruft  of  lead,  and  other  fimilar  fubftances, 
which  are  ufually  termed  calces,  approach  to 
the  nature  of  fait  in  proportion  as  they  depart 
from  that  of  metal.  An  addition  of  acid  brings 
them  into  a faline  {fate,  and  perhaps  a fub- 
tradlion  of  the  acid  they  are  known  to  poflefs. 
might  reduce  them  to  the  ftate  of  metal.  If 
this  fuppolition  were  confirmed  by  experi- 
ment, as  in  fome  inftances  it  is,  it  would 
eftablifh  the  dodtrine  of  thofe  who  deny  that 
the  phlogifton  is  concerned  in  the  calcination 
of  metals.  We  fhould  then  fay,  that  the  caU 
cination  of  metals  is  produced  by  expofing 
them  in  a very  heated  ftate  to  air,  which,  by 
combining  in  partwith  the  metal,  becomes  itfelf 
diminished,  and  reduces  the  metal  to  a femi- 
faline  fubftance,  called  a calx.  The  diminu- 
tion of  the  air  produces  an  increafe  of  weight 
in  the  calx  into  the  combination  of  which  it 
enters;  and  the  reduction  cannot  in  general  be 
produced  by  mere  heat,  but  requires  the  ap- 
pofition  of  another  body,  which,  when  heated, 
can  abforb  the  air.  This  property  is  pof- 
feffed  in  a furpriling  degree  by  charcoal,  which, 
on  that  account,  is  very  ufeful  in  reducing 
calces  to  a metallic  ftate.  The  great  impor- 
i tance 
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tance  of  thefe  conliderations  render  them  de- 
ferving  of  the  utmoft  attention  of  the  experi- 
mental enquirer;  and  their  elucidation  would 
probably  remove  many  difficulties  relating  to 
precipitates ; as  pruffian  blue,  and  the  like. 

The  vitriolic  acid,  well  concentrated,  and 
hot,  diffiolves  mercury,  and  forms  a combi- 
nation called  turbith  mineral,  or  yellow  preci- 
pitate, which  is  infoluble  in  water.  The 
marine  acid  does  not  attack  mercury  in  its 
crude  hate,  but  with  proper  management  they 
may  be  combined  in  the  form  of  vapor,  which 
adheres  to  the  fides  of  the  fubliming  veffel. 
This  fait  is  called  corrofive  fublimate.  All 
the  other  acids  may  be  combined  with  mer- 
cury, by  previoufly  diffolving  it  in  the  nitrous 
acid,  and  afterwards  pouring  in  the  acid  in. 
queftion,  which  feizes  the  mercury,  and  falls 
with  it  to  the  bottom,  in  the  form  of  a faline 
precipitate. 

We  have  feen,  that  mercury  may  be  com- 
bined with  fulphur  in  native  cinnabar.  If 
mercury  be  triturated  in  a glafs  mortar  with 
fulphur,  it  combines  with  it,  forming  a black 
powder,  called  ethiops  mineral.  This  com- 
bination becomes  more  intimate,  by  expoling 
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the  ethiops  to  heat  in  a matrafs,  by  which  it 
is  fublimed,  and  converted  into  cinnabar. 
Repeated  fublimations,  and  a fkilful  manage- 
ment of  the  fire,  are  necefiary  to  produce  that 
beautiful  factitious  cinnabar,  which  is  known 
in  the  {hops  by  the  name  of  vermilion. 

Mercury  unites  alfo  with  oils  and  muci- 
lages by  trituration,  and  by  that  means  is  made 
to  enter  into  the  compofition  of  many  very 
ufeful  medicines. 

All  the  metals  and  femi-metals  may  be  amal- 
gamatized  with  mercury.  This  union  is  diffi- 
cultly made  with  copper,  more  fo  with  regulus 
of  antimony,  and  molt  difficultly  of  all  with 
iron  ; infomuch,  that  many  philofophers  have 
concluded  this  laft  combination  to  be  im- 
poffible. 
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Q/’  ^ Semi-metals.  Regains  of  Antimony. 
Bifmuth.  Zinc.  Regulus  of  Cobalt.  Regu- 
lus  of  Arfenk.  Nickel . 

^Emi-metals  are  fubftances  which  pofiefs 
all  the  metallic  properties,  except  mal- 
leability and  fixity.  They  are  incapable  of 
any  confiderable  extenfion  under  the  hammer, 
and  are  fo  volatile,  that  they  may  be  totally 
fublimed  by  fire.  Thefe,  as  vve  have  already 
enumerated  them,  are,  regulus  of  antimony, 
bifmuth,  zinc,  regulus  of  cobalt,  regulus  of 
arfenic,  and  nickel. 

Antimony  is  an  ore  or  mineral,  of  a bril- 
liant leaden  color,  compofed  of  long  brittle 
needles,  or  parallel  frriae.  It  is  compofed  of 
nearly  equal  parts  of  fulphur,  and  the  femi- 
metal  regulus  of  antimony.  If  antimony 
be  Submitted  to  calcination,  the  fulphur 
is  gradually  evaporated,  and  the  regulus, 
being  deprived  of  part  of  its  phlogifton,  takes 
the  form  of  a grey  calx.  A more  violent  heat 
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fufes  this  calx,  which,  according  to  the  ma- 
nagement of  the  fire,  coagulates  intoanopake 
brown  mafs,  called  liver  of  antimony,  or  elfe 
into  a tranfparent  hyacinthine  glafs,  called 
glafs  of  antimony.  But  a more  perfect  calci- 
nation renders  the  refid ue  incapable  of  either 
fufion  or  vitrification.  Thefe  calces  being 
treated  with  phlogiftic  matters  in  clofe  vefiels, 
are  reduced  into  the  femi-metal  or  regulus. 

The  regulus  of  antimony  is  of  a dull  white 
color.  It  is  hard  and  brittle,  and  feems  com- 
pofed  of  fhining  facets ; and  its  fpecific  gra- 
vity, being  to  that  of  rain-water  as  7500  to 
1 000,  is  rather  greater  than  that  of  tin. 

Antimony,  being  fuppofed  necefiary  to  the 
great  work  of  tranfmutation  of  metals,  which 
was  attempted  by  the  alchemifts,  and  which 
is  flill  purfued  by  numbers  whofe  knowledge 
of  chemiftry  is  too  fuperficial  to  permit  them 
to  fee  the  great  difficulty  of  their  undertaking, 
has  been  fubmitted  to  a great  variety  of  che- 
mical trials.  In  confequence  of  this,  our 
knowledge  of  antimony  is  very  considerable; 
and  many  valuable  medicines  are  obtained 
from  it : but  our  purpofe  does  not  admit  of 
extenfive  details. 
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If  a mixture  of  antimony,  tartar,  and  nitre, 
be  thrown  by  fpoonsful  at  a time  into  a red 
hot  crucible,  the  nitre  detonates  with  the 
phlogiflon  of  the  tartar,  and  the  fulphur, 
which  is  a part  of  the  antimony.  When  the 
whole  is  put  into  the  crucible,  the  fire  muft 
be  raifed  to  melt  the  matter,  which,  when 
cool,  may  be  obtained  by  breaking  the  vefiel. 
This  matter  confifts  of  two  diftindt  fubftances, 
which  may  be  eafily  feparated.  At  the  bottom 
is  the  regulus  of  antimony;  and  the  upper 
part  is  a fcoria,  compofed  of  the  alkaline  parts 
of  the  nitre  and  tartar,  combined  with  a por- 
tion of  the  fulphur,  and  the  regulus  of  the  an- 
timony. It  is  confequently  a liver  of  fulphur, 
which  holds  a part  of  the  regulus  in  folution. 

All  the  imperfedt  metals  have  a greater 
affinity  to  fulphur  than  the  regulus  of  anti- 
mony has,  and  are,  for  that  reafon,  employed 
to  feparate  it  from  the  ore.  Iron  is  mod: 
commonly  ufed.  Crude  antimony  being 
melted  with  bits  of  iron,  by  a drong  fire 
fuddenly  applied,  the  fulphur  unites  with 
the  iron,  and  forms  a mafs  which  fwims  at 
the  top  of  the  veflel,  while  the  regulus  oc- 
cupies the  lower  part  of  the  crucible.  If 
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the  iron  be  greater  in  quantity  than  is  necef- 
fary  to  faturate  the  fulphur,  the  furplus  unites 
with,  and  vitiates  the  regulus,*  it  is  therefore 
requifite  to  attend  to  this  circumftance. 

In  the  calcination  of  antimony,  a part 
always  fublimes  in  the  form  of  flowers.  The 
whole  of  this  ore  may  be  fublimed  by  heat  in 
half-clofed  vefiels,  and  is  then  called  flowers 
of  antimony.  The  regulus  is  alfo  capable  of 
fublimation  into  flowers,  which  are  called 
filvery  flowers,  or  fnow,  of  regulus  of  anti- 
mony. Thefe  laft  are  efteemed  to  be  the  calx 
of  the  regulus,  and  are  reducible  by  being 
treated  with  phlogiffic  matters.  But  this  calx 
is  foluble,  though  difficultly,  in  boiling  water, 
and  therefore  feems  to  confirm,  in  fome  degree, 
the  conjectures  relating  to  the  faline  nature  of 
metallic  calces,  which  were  adverted  to  in  the 
laft  chapter. 

The  Ample  acids  cannot  be  made  to  com- 
bine with  the  regulus  of  antimony  without  par- 
ticular management.  For  this  purpofe  the 
vitriolic  acid  muft  be  concentrated  and  hot. 
The  nitrous  acid  rather  corrodes  and  dephlo- 
giflicates  than  diflolves  it.  And  the  marine 
acid  exerts  no  action  upon  it  Unlefs  both  be  in 
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the  ftate  of  vapor.  If  regulus  of  antimony 
and  corroftve  fublimate  be  fabmitted  to  heat 
in  a veftel  of  a proper  form,  the  marine  acid 
of  the  corrofive  fublimate  quits  its  mercury, 
and  unites  with  the  regulus  to  which  it  has 
a greater  affinity  : this  laft  combination  is 
fublimed  in  the  form  of  a very  corrofive  fait, 
called  butter  of  antimony.  The  mercury  is 
left  at  the  bottom  of  the  retort,  but  may  be 
obtained  by  increafing  the  fire.  If,  inftead 
of  the  regulus,  antimony  itfelf  had  been  ufed, 
the  laft  produdt  would  have  been  cinnabar, 
and  not  mercury ; for  the  fulphur  of  the  anti- 
mony, combining  with  the  mercury,  caufes  it 
to  be  fubiimed  in  this  laft  form.  Cinnabar 
obtained  by  this  means  is  called  cinnabar  of 
antimony. 

The  proper  folvent  of  regulus  of  antimony 
is  aqua  regia,  but  this  muft  be  affifted  by 
heat.  If  the  aqua  regia  be  evaporated,  the 
regulus  is  left  in  the  form  of  a white  pow- 
der, (which,  when  nitrous  acid  has  been 
twice  poured  over  it,  and  evaporated  by  a heat 
fufficient  to  calcine  the  refidue,  is  called  be- 
zoar  mineral.  But  in  making  bezoar  mineral, 
it  is  better,  and  more  ufual,  to  diftolve  butter 
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of  antimony  in  the  nitrous  acid  j in  which 
cafe  the  regulus,  after  the  commotion  of  the 
liquor  has  fubfided,  is  held  in  folution  by  an 
aqua  regia,  compofed  of  the  nitrous  acid  and 
the  marine  acid  of  the  fait.  The  fubfequent 

affufions  of  nitrous  acid  and  calcinations  are 
managed  as  before* 

Bifmuth  is  the  heavieft  of  all  metallic  bo- 
dies,. except  the  perfect  metals  and  lead.  It 
is  alio  called  tin-glafs  and  marcafite.  It 
appears  to  be  compofed  of  cubes,  formed  by 
the  application  of  plates  uponeach  other,  and 
is  of  nearly  the  fame  glittering  color  as  regulus 
of  antimony.  Bifmuth  is  generally  minera- 
lized by  arfenic,  and  its  ore  almoft  always  con- 
tains cobalt ; but  it  is  fometimes  found  native. 

This  femi-metal  refembles  lead  in  many 
particulars.  It  may  be  vitrified,  and  con* 
verted  into  a kind  of  litharge;  and  is  thought 
to  be  fuperior  to  lead  for  purifying  gold  and 
filver  by  the  procefs  of  cupellation.  Its  fufi- 
bility  is  veiy  great,  and  it  very  much  increales 
the  fufibihty  of  tin,  and  other  metals.  And 
it  is  fo  volatile,  that  it  may  be  fublimed  en- 
tile in  clcfe  vefiels,  without  altering  any  of 
its  properties. 
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It  is  not  eafy  to  combine  bifmuth  with 
either  the  vitriolic  or  marine  acids,  but  the 
nitrous  acid  diflolves  it  very  well.  From  this 
folution,  by  evaporation  and  cooling,  is  pro- 
cured a fhining  white  fait.  But  if,  infteadof 
evaporating  and  cooling,  water  be  added  to  the 
folution,  the  nitrous  acid  unites  with  the  wa- 
ter, and  quits  the  bifmuth,  which  falls  to  the 
bottom  in  the  form  of  a white  powder.  This 
powder  is  called  magiftery  of  bifmuth,  or  more 
commonly  fpanifh  white,  and  when  wafhed 
and  dried  is  ufed  as  a cofmetic  or  paint,  in 
which,  however,  it  is  pernicious. 

Zinc  is  a femi-metal,  of  a brilliant  white. 
It  is  du&ile  in  a fmall  degree,  and  when  broken 
prefents  a furface,  compofed  of  fhining  facets, 
which  are  larger  when  (lowly  than  when  has- 
tily cooled.  It  is  brittle  when  heated,  and  is 
fo  inflammable  that  it  burns,  when  expofed  to 
a white  heat,  with  a flame  too  bright  to  be 
viewed  without  pain.  During  this  inflam- 
mation it  fublimes  in  the  form  of  a white 


flnoke,  which,  becoming  condenfed,  floats  in 
the  air  like  fpiders  webs,  and  is  called  philo- 
sophical wool,  pompholix,  or  flowers  of  zinc. 
Thefe  flowers  are  very  fixed,  and  of  the  nature 
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of  calces,  notwithftanding  their  fubliming  by 
the  violent  inflammation. 

There  are  various  ores  of  zinc.  Lapis  cala- 
minaris,  or  calamine,  is  the  moft  common.  It 
is  a yellowifh  nifty  ftone,  found  in  Cornwall, 
and  other  parts,  and  is  generally  ufed  for  mak- 
ing of  brafs. 

The  fpecific  gravity  of  this  femi-metal  is 
to  that  of  rain-water  as  7215  to  1000.  It 
poffelfes  the  property  of  not  uniting  with 
fulphur,  and  may  therefore  be  purified  from 
the  imperfedt  metals  by  burning  fulphur 
on  its  furface  when  melted,  which  deftroys 
the  latter.  Brafs,  and  all  the  various  imitations 
of  gold,  called  princes-metal,  tombac,  &c.  are 
allays  of  copper  with  zinc. 

All  the  acids  are  capable  of  adting  upon 
zinc,  and  form  faline  compounds.  White 
vitriol  is  a combination  of  the  vitriolic  acid 
with  this  fubffance. 

Cobalt  is  a term  which  has  been  ufed  with 
fome  latitude  by  mineralogies ; but  is  now 
generally  underftood  to  imply  that  mineral 
which  contains  a regulus  or  femi-metal,  whole 
calx  furnifhes  a blue  glafs  when  vitrified. 
Cobalt  is  of  feveral  kinds,  but  moft  com- 
monly 
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monly  of  a grey  color,  with  fome  degree  of 
brilliancy,  and  its  furface,  after  expofure  to  the 
air,  is  generally  covered  with  an  efflorefcence 
or  powder.  This  ore  contains  much  arfenic, 
which  fublimes,  and  is  colle&ed  in  long 
crooked  chimneys  during  the  torrefadlion  or 
roafting,  which  is  neceffary  for  procuring 
either  the  calx  or  regulus.  The  refidue  or 
calx  is  of  a grey  or  reddifh  color,  and  is  called 
zaffre.  If  zaffre  be  fufed  with  vitrifiable 
matters,  it  affords  a beautiful  blue  enamel, 
called  fmalt,  or  azure,  which  is  of  confider- 
able  ufe  in  the  arts.  But  if,  inflead  of  verifi- 
able matters,  the  zaffre  be  fufed  with  a pro- 
per quantity  of  black  flux,  which  is  a phlo- 
giftic,  or  coaly  alkaline  matter,  that  remains 
after  the  detonation  of  one  part  of  nitre  with 
two  parts  of  crude  tartar,  a metallic  regulus  is 
obtained  at  the  bottom  of  the  crucible.  This 
regulus  on  examination  is  found  to  confift 
of  two  difcind  femi-metals,  which  may  be 
feparated  at  their  common  horizontal  fur- 
face  by  the  blow  of  a hammer.  The  lower 
part  is  the  femi-metal  bifmuth,  which  is 
. almoft  always  contained  in  cobalt,  and  the 
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upper  part  is  the  regulus  of  cobalt,  whofe 
calx  poftefles  the  diftinguifhing  property  Qf 
imparting  a blue  to  glafs,  which  is  proof 
again  ft  the  utmoft  violence  of  heat. 

Regulus  of  cobalt  is  a hard,  brittle,  clofe- 
grained  femi-metal,  of  a filvery  white,  very 
brilliant  when  newly  produced,  but  fub- 
jed  to  tarnifti  in  the  air.  It  ignites  long 
before  it  fufes,  and  requires  for  this  laft 
purpofe  a heat  fufficiently  great  to  melt 
copper.  Its  fixity  is  much  greater  than 
that  of  any  other  femi-metal,  but  it  may  be 
volatilized  by  an  intenfe  heat.  A lefs  degree 
of  heat,  with  accefs  of  air,  reduces  it  to  a 
blackifh  calx,  which  forms  the  beautiful  blue 
glafs  before-mentioned,  by  fufion  with  vitri- 
liable  matters. 

The  regulus  of  cobalt  is  not  aded  upon 
by  either  the  vitriolic  or  marine  acids,  but 
by  means  of  heat,  and  a fkilful  management 
of  circumftances.  The  nitrous  acid  attacks 
it  with  impetuofity,.  and  forms  olive  colored 
cryftals  of  fait,  by  evaporation,  which  are 
very  deliquefcent.  The  properties  of  this 
fetni -metal,  are  not  much  known. 
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Arfenic  is  a fubftance,  which,  as  far  as  it 
is  yet  known,  cannot  with  propriety  enter 
into  any  clafs  of  bodies.  It  conflfts  of  the 
white  flowers  which  are  obtained  in  the  tor- 
refaCtion  of  feveral  ores,  but  particularly  that 
from  which  cobalt  is  obtained. 

Arfenic  appears  to  be  a metalline  calx; 
for  if  it  be  combined  with  phlogiftic  matters, 
it  fublimes  in  the  form  of  a fcaly  brilliant 
fubftance,  which  has  the  metallic  opacity, 
weight,  and  luftre,  and  is  called  regulus  of 
arfenic. 

Yet  the  volatility  of  arfenic  conftitutes  an 
eflential  difference  between  it  and  metalline 
calces:  befides  which,  it  eaftly  unites  with 
all  metals  and  femi-metals  ; a property  which 
no  other  fubftance,  not,  actually  in  a me- 
tallic ftate,  poflefles. 

But  this  Angular  body,  notwithftanding 
the  properties  we  have  juft  enumerated,  pof- 
fefles many  of  the  diftinguifhing  characters  of 
falts.  It  is'  foluble  in  water  and  in  acids, 
and  aCts  even  as  a ftrong  acid  in  the  perfeCt 
neutralization  of  alkalis. 

Sulphur  combines  with  arfenic,  and  forms 
compounds  of  a yellow  or  red  colour,  accord- 
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ing  as  the  proportion  of  the  latter  is  greater 
or  lefs.  The  yellow  is  called  orpiment,  and 
the  red  reagal  or  rifigal.  Thefe  combina- 
tions, as  alfo  arfenic,  and  even  its  regulus, 
are  fometimes  found  native. 

The  combinations  of  arfenic  with  acids 
have  not  been  enough  examined.  Its  folu- 
tion  in  water  yields  by  evaporation  red  and 
irregular  cryftals.  If  arfenic  be  added  to 
nitre,  and  the  mixture  fubmitted  to  diftilla- 
tion,  the  arfenic  a£ts  as  an  acid,  by  com- 
bining with  the  alkaline  bafe  of  the  nitre, 
and  detaching  its  acid.  The  nitrous  acid 
therefore  paffes  over  into  the  receiver,  toge- 
ther with  a fmall  portion  of  the  arfenic,  while 
the  bulk  of  the  arfenic  remains  behind  in 
combination  with  the  alkali,  forming  a fait. 
This  fait  is  termed  neutral  arfenical  kilt,  and, 
after  the  ufual  purification  by  folution,  fil- 
tration, and  evaporation,  may  be  obtained  in 
beautiful  cryftals. 

Arfenic  and  its  combinations  are  ufed  by 
dyers  and  other  artifts.  It  is  not  applied  to 
jiny  purpofe  in  medicine,  being  a moft  violent 
and  corrofive  poifon.  The  belt  antidotes 
ggainft  its  effects,  when  taken,  are  diluting 
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or  emollient  drinks,  as  mucilages  and  oils. 
Soap  might  perhaps  be  a ready  and  advan- 
tageous remedy,  as  the  alkali  of  this  fub- 
ftance,  by  combining  with  the  arfenic,  might 
diminifh  its  violence  by  neutralizing  it. 

The  lalt  femi-metal  is  nickel.  It  is  of  a 
white  colour  inclining  to  red,  and  its  fpecific 
gravity  is  to  that  of  rain-water,  as  8500  to 
1000.  Its  fixity  is  confiderable,  and  its  calx 
is  green.  It  is  foluble  in  all  the  acids,  though 
difficultly  in  the  vitriolic ; and  all  thele  lo- 
lutions  have  a deep  green  colour.  The  vi- 
triol formed  of  it  is  likewife  green,  and  this 
vitriol,  as  alfo  the  precipitates  from  the  fo- 
lution,  are  green  when  calcined.  But  no  cop- 
per can  be  obtained  by  reducing  the  pre- 
cipitates. Except  filver,  quickfilver,  and 
zinc,  it  unites  with  all  metallic  fubffimces. 
It  ftrongly  attra&s  fulphur.  A ftrong  fire 
is  neceffary  to  melt  it,  which  does  not  fol- 
low till  fome  time  after  ignition. 

This  fubftance  is  obtained  from  a reddifh 
yellow  mineral,  called  kupfer  nickel,  which 
contains  alfo  iron,  regulus  of  cobalt,  arfenic, 
and  fulphur.  It  has  been  conjeftured  that 
nickel  is  a kind  of  regulus  of  cobalt  but 
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the  prefent  ftate  of  oijr  knowledge  does  not 
enable  us  to  determine  on  the  matter. 

CHAP.  XU. 

Of  Saline  Subfances . 

HAVING  difpatched  the  firft  general 
clafs  of  compound  bodies,  namely,  the 
inflammable,  or  fuch  as  contain  phlogifton, 
we  fhall  now  proceed  to  treat  of  the  fecond 
clafs,  which  coil  lifts  of  fubftances  which  are 
either  diverted  of  that  principle,  or  elfe  com- 
bined with  it  in  fuch  a manner  and  propor- 
portion  as  to  be  incomb  uftible.  Thefe  are 
pretty  accurately  denoted  by  the  general  term 
fait. 

The  general  definition  of  fait  is,  that  it  is 
a fubftance  which  is  uninflammable,  and  fo- 
luble  in  water. 

This  definition  comprehends  thofe  bodies 
which  are  called  acids  and  alkalis,  as  well  as 

• u • * 

more  compounded  matters.  Acids  and  al- 
kalis were  always  termed  falts  by  the  old 
chemifts ; but  many  of  the  moderns  have  with 

reafon  confined  the  word  to  denote  fubftances 

which 
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which  are  evidently  compounded.  1 hefe 
almoft  always  confift  of  an  acid  combined 
either  with  an  alkali,  a metal,  or  an  earth. 
The  fubftance,  which,  by  uniting  with  an 
acid,  forms  a fait,  is  called  its  bafe. 

We  have  frequently  adverted  to  the  great 
variety  which  fubfifts  in  nature,  and  have 
obferved  the  imperfe&ion  which  mud;  con- 
fequently  attend  all  general  cladification.  The 
conditions  of  any  definition  are  always  found 
to  agree  more  perfectly  with  one  fpecimen  of 
the  clafs  than  another ; which  evinces,  that 
we  are  yet  far  from  the  knowledge  of  the 
drd:  principles  of  bodies.  In  the  prefen t in- 
stance, folubility  in  water  is  the  criterion  by 
which  falts  are  diftinguiflied  from  earths : 
yet,  if  we  attend  to  the  various  degrees  of 
folubility,  we  mud;  fee  that  the  limitations 
of  each  clafs  approach  by  a gradation  which 
is  imperceptible.  Selenites,  or  the  fait  which 
is  compofed  of  the  vitriolic  acid  united  with 
calcareous  earth,  is  foluble  in  very  fmall  quan- 
tity. Pure  calcareous  earth  is  likewife  fo.  The 
faline  combination  of  an  alkali  with  verifiable 
earth,  called  liquor  of  dints,  is  foluble  in  water: 
a dmilar  combination  in  which  the  proportion 
3 of 
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of  alkali  is  lefs,  becomes  glafs,  and  is  infoluble, 
at  leaft  to  fenfe  and  common  experiment. 
In  thefe  and  many  other  inftances,  the  dif- 
ference is  not  in  fpecie,  but  in  degree  only; 
and  therefore,  it  does  not  appear  inaccurate 
or  improper,  to  denote  all  uninflammable 
combinations  by  the  term  fait. 

There  are  alfo  falts  of  conflderable  fimpli- 
city,  which  contain  phlogifton,  and  are  in- 
flammable. Such  are  tartar  and  the  volatile 
alkali,  both  which  are  fufliciently  phlogifti- 
cated  to  caufe  a detonation  with  nitre. 

Sapidity  or  tafte  is  ufually  reckoned  as  one 
of  the  properties  of  falts ; but  this  obfer- 
vation  does  not  feem  to  render  the  definition 
more  accurate.  Sapidity  is  a degree  of  cau- 
fticity,  which  arifes  from  the  whole  elective 
attraction  of  one  or  more  of  the  principles  ot 
a body,  not  being  faturated,  and  which  can 
act  upon  the  tongue.  Salts  are  therefore  more 
or  lefs  fapid,  accordingly  as  this  faturation  is 
lefs  or  more  perfect.  Thus  felenites  is  infipid, 
common  fait  is  pungent,  but  lunar  nitre  is 
intolerably  cauflic. 

The  method  of  obtaining  falts  in  a date 

of  purity  is  founded  chiefly  on  their  property 

of 
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of  combining  with  water.  Thus,  * vitriol  is 
obtained,  by  diffolving  the  efflorefccnce  of 
pyrites  in  water.  And  as,  in  general,  they 
are  lefs  volatile  than  water,  they  may  be  de- 


prived of  it  by  evaporation.  The  greater 
number  of  falts  are  foluble  only  in  a certain 
proportion  in  water,  and  form  a brine,  which, 
when  faturated,  will  ad:  no  more  upon  the 
fpecies  of  fait  made  ufe  of : but  there  are 
others  which  combine  with  water  in  all  pro- 
portions, and  forma  magma.  If  a folution 
of  the  former  be  expofed  to  heat,  the  brine 
becomes  more  and  more  concentrated  by  the 
evaporation  of  the  water,  and  part  of  the 
fait,  being  no  longer  held  in  folution,  be- 
comes folid  in  the  form  of  cryftals,  whofe 
figure  is  different,  according  to  the  nature  of 
the  fait.  This  is  called  cryftallization,  and 
the  falts  are  called  cryftallizable.  But  a fo- 
lution of  the  latter  kind  of  falts  only  becomes 
more  and  more  thick  by  evaporating  the  water, 
and  at  length  dry.  Thefe  falts  in  general 
attrad  the  moiflure  of  the  air,  and  become 
again  fluid}  whence  they  are  termed  deli- 
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quefcent.  Several  cryftallizable  falts  will 
deliquefce,  if  expofed  to  the  moifture  of  the 
atmofphere ; and  others,  on  the  contrary, 
will  dry,  and  fall  into  a powder  or  efftor- 
efcence.  A certain  proportion  of  pure  water 
enters  into  the  compoiition  of  the  cryftals  of 
falts,  which  is  called  the  water  of  cryftalliza- 
tion.  In  many  falts  this  water  may  be  driven 
off  by  heat,  and  others  may  be  deprived  of 
it  by  efflorefcence,  without  altering  their 
properties. 

Heated  water,  for  the  mod;  part,  will  hold 
a greater  quantity  of  a given  fait  in  folution, 
than  water  which  is  more  cold.  This  vary- 
ing folubility,  which  depends  upon  the  teirn 
perature,  is  exceedingly  different  in  different 
lalts. 

In  order  therefore  to  procure  fait  in  a pure 
fate,  the  fubftance  containing  the  fait  is 
mixed  with  a fufficient  quantity  of  water, 
which  becomes  impregnated  with  the  faline 
matter.  The  water  or  brine  is  then  feparated 
from  the  indiffoluble  impurities  by  filtration 
or  {training,  and  the  fait  is  obtained  either  in 
cryftals  or  in  a mafs,  by  boiling  and  evapo- 
rating the  water. 


The 
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The  chief  difficulties  that  attend  this  pro-* 
cefs,  are,  firft,  that  feveral  different  kinds  of 
fait  may  be  contained  in  the  fame  fubftance, 
which  muff  confequently  all  be  diffolved  to- 
gether in  the  water : and  fecondly,  that  fe- 
veral faponaceous  or  mucilaginous  matters 
may  be  diffolved,  which  are  not  only  in- 
capable of  cryftallization  themfelves,  but 
prevent  the  cryftallization  of  the  falts.  The 
laft  particular  is  that  which  is  the  moft  em- 
barrafling ; but  chemiftry  affords  methods  to 
obviate  both. 

Since  no  two  falts  agree  exadlly  in  folubi- 
lity,  they  may  be  feparated  by  means  of  this 
difference.  Thus,  for  example ; a folution 
of  nitre  and  common  fait  being  given,  it  is- 
required  to  feparate  them  from  each  other. 
This  is  effected  by  a flow  evaporation  of  the 
water  : for  common  fait  being  much  lefs  fo~ 
luble  than  nitre,  begins  to  cryftallize  much 
earlier,  and  may  be  taken  out  with  ladles ; and 
the  nitre,  by  cooling,  at  laft  cryftallizes  in  a 
ftate  of  confiderable  purity.  This  operation 
mu  ft  be  repeated  three  times,  by  adding  freffi 
water,  before  the  nitre  is  Efficiently  pure  to 
make  gun-powder. 


The 
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The  mucilaginous  matter  which  prevents 
cryftallization,  always  accompanies  the  na- 
tive or  combined  falts  of  vegetables.  For 
this  reafon  it  is,  that  the  decodions  of  vege- 
tables, or  their  expreffed  juices,  inftead  of 
affording  the  falts,  are  reduced  to  the  date  of 
an  extrad  by  boiling.  This  difficulty  may  be 
avoided,  either  by  treating  the  vegetable  with 
fpirit  of  wine,  which  diffolves  the  fait  with- 
out affeding  the  mucilage,  or  by  adding 
certain  matters,  as  clays,  calcareous  earths,  or 
alkalis,  to  the  watery  decodion  or  juice,  which 
forward  the  cryftallization,  either  by  com- 
bining with  the  mucilage,  or  by  fome  other 
adion  which  has  not  been  fufficiently  ex- 
plained. The  fir  ft  of  thefe  methods  is  never 
ufed,  on  account  of  the  expence  j but  it  is  by 
means  of  the  latter,  that  tartar  is  converted 
into  that  pure  white  fait,  called  cream  of  tar- 
tar 3 and  fugarsare  refined  into  fugar-candy 
or  loaf-fugar.  Vegetable  falts  are  all  very 
much  compounded,  and  contain  phlogifton : 
and  it  may  be  expeded,  that  the  laudable  in- 
duftry  of  the  chemifts  of  the  preient  age 
will  di (cover  fome  method  of  fhortenmg  the 

tedious  and  difficult  proceffes  by  which  they 

. . 1 Tables, 

are  now  obtained. 
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The  foregoing  two  tables  fhew  the  com- 
binations which  produce  many  of  the  be(i 
known  falts.  In  each  line  oppofite  the  acid, 
is  written  the  name  of  the  fait,  which  is  pro- 
duced by  combining  it  with  the  bafe,  which 
is  placed  at  the  head  of  the  column.  For 
example,  the  marine  acid  combined  with  the 
bafe  volatile  alkali,  produces  fal  ammoniac ; 
and  fo  of  others.  Brevity  has  made  it  ne- 
ceflary  to  omit  a confiderable  number  of 
acids,  and  alfo  feveral  metals,  together  with 
all  the  femi-metals ; the  refpedtive  combi- 
nations of  which  would  have  been  very  in- 
terefting  in  a more  extenfive  work.  For 
the  fame  reafon,  we  cannot  enter  into  a de- 
tail of  the  methods  by  which  the  combinations 
here  fet  down  are  made.  It  will  alfo  be  ob- 
ferved,  in  looking  over  the  tables,  that  the 
account  of  moft  of  the  falts  has  been  an- 
ticipated in  the  foregoing  part  of  the  prefent 
fe&ion.  We  fhall  only  therefore  defcribe 
the  methods  by  which  the  mineral  falts  that 
furnifh  the  three  principal  acids  are  pio- 
cured.  Vitriol  has  already  been  adverted  to  . 

nitre  and  fea-falt  remain  to  be  fpoken  of. 

Nitre 
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Nitre  is  peculiar  in  the  circumflance  of 
Its  never  being  found  ready  formed,  as  is 
the  cafe  with  vitriol  and  fea-falt,  but  is 
produced,  by  a concurrence  of  circumftances, 
in  bodies  which  originally  do  not  contain 
it.  Thefe  fub  fiances,  with  refpeft  to  the 
nitre,  are  called  nitre  beds. 

It  is  faid,  that  fmall  cryflals  of  nitre  are 
naturally  formed  on  the  furface  of  the  ground  , 
in  Pegu,  Bengal,  and  fome  places  on  the 
coafl  of  Africa  after  the  rains.  Several  plants, 
for  example,  turnfole,  are  found  to  contain 
nitre  ready  formed ; but  as  the  quantity  is 
very  unequal  in  plants  equally  vivid  and 
flourishing,  and  fometimes  none  at  all,  it  is 
juflly  thought  to  be  extraneous  to  them* 
and  dependant  on  the  foil.  There  are  fields 
in  Spain  which  have  immemorially  furnifhed 
nitre,  without  any  particular  culture  for  that 
purpofe.  And  univerfally,  the  earth  of  flables, 
pigeon-noufes,  cellars,  barns,  mud-walls,  and 
the  mortar  of  all  covered  damp  places,  or 
inhabited  buildings*  are  found*  after  a certain 
length  of  time,  to  contain  nitre. 

1 

fhe  refult  of  obfervation  on  this  fub- 
jett,  is,  that  nitre  is  never  found  but  in 

^ 0L*  ^ earths. 
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earths,  which  have  been  acceflible  to  vegetable 
or  animal  putrefactive  matter,  and  that  the 
putrefaction  muft  have  been  complete.  If 
vegetable  matter  be  united  with  the  earth, 
proper  nitre,  with  balls  of  vegetable  alkali  is 
in  general  produced ; but  if  animal  matter, 
the  nitre  is  in  greater  quantity,  but  almoft 
always  wfth  an  earthy  bafis.  The  belt  nitre 
beds  are  fuch  as  con  fill  chiefly  of  calcareous 
earths,  which  probably  arifes  from  their  po- 
roflty,  by  which  theaccefsof  air,  which  is  ne- 
ceflfary  to  complete  putrefaction,  is  promoted. 

It  is  therefore  undetermined  from  whence 
the  nitre,  or  rather  the  nitrous  acid,  proceeds  : 
whether  the  animal  and  vegetable  acids  are 
converted  by  putrefaction,  or  whether  an  acid 
from  the  air  attaches  itfeif  to  the  putre- 
factive matter.  From  very  late  experiments, 
there  is  reafon  to  believe,  that  pure  air  itfeif 
is  the  nitrous  acid  in  a peculiar  and  perma- 
nently elaltic  Hate. 

To  extract  nitre  from  the  earth  in  which  it 
is  contained,  the  whole  mafs  is  put  into  a 
large  vefl'el,  and  water  poured  upon  it,  which, 
after  fome  hours,  is  drained  away  by  a per- 
foration at  the'  bottom  ot  the  vefl'el.  This 

impreg- 
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impregnated  water  is  then  boiled  till  it  be- 
comes much  concentrated,  after  which,  it  is 
poured  upon  Wood-afhes  in  another  veftel. 
By  this  laft  operation,  the  nitre,  with  an 
earthy  bafts,  is  decompounded,  and  receives 
a bafts  of  fixed  vegetable  alkali  from  the 

(afhes.  The  lixivium  being  drained  off,  is 
again  boiled,  by  which  means  a great  part  of 
the  common  fait  ufually  found  in  nitre  earths, 
cryftallizes  and  is  taken  out,  and  the  nitre 
itfelf  cryftallizes,  when  the  liquor  is  removed 
into  proper  veftels,  and  cooled.  It  is  farther 
purified  by  folution  in  a frefh  quantity  of 
water,  as  has  already  been  obferved  in  the 
courfe  of  the  prefent  chapter. 

There  is  nothing  intricate  or  difficult  in 
this  procefs,  for  extracting  nitre  from  the 
earth  in  which  it  is  generated ; and  there- 
fore, it  is  not  very  ftridtly  followed  by  the 
makers.  Some  mix  the  afhes  with  the  rub~ 
bifli  or  earth,  and  boil  the  lixivium  but 
once ; and,  indeed,  this  feems  to  produce 
a faving,  both  of  labour  and  fuel.  And  in 
India  and  Spain,  it  is  faid,  that  the  nitre  is 
procured  without  the  ufe  of  wood-afhes. 
The  fixed  alkali  is  probably  furniftied  by  the 

X 2 plants 
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plants  which  have  putrefied  on  the  furface 
of  the  earth  in  thofe  warm  countries  ; but 
it  may  be  juftly  fufpeded,  that  they  lofe  a 
confiderable  quantity  of  nitre,  which,  having 
an  earthy  bafe,  might  have  been  converted 
into  true  nitre,  by  the  ufe  of  the  vegetable 
alkali  of  wood-afhes. 

Nitre  may  be  melted,  and  even  made  red  hot, 
for  a ihort  time,  without  any  confiderable  difli- 
pation  of  its  acid,  or  other  change  ; but  if  any 
fubftance  containing  phlogifton  be  brought 
into  contad  with  nitre,  either  of  the  two  mat- 
ters  being  heated  to  ignition,  a very  fingular 
and  remarkable  phenomenon,  called  detona- 
tion, takes  place.  The  acid  combines  with 
the  phlogifton,  and  is  fuddenly  diflipated 
into  air  with  noife  and  flame,  and  the  alkali 
is  left  in  a (late  of  confiderable  purity,  but 
combined  with  fixed  air.  Detonation  is  pe- 
culiar to  thofe  faline  matters,  into  the  com- 
pofition  of  which  the  nitrous  acid  enters  j 
and  in  general,  thofe  falts  whole  bafes  at- 
tract the  acid  moft  ftrongly,  poffefs  this  pro- 
perty in  the  greateft  degree. 

Nitrous  ammoniac,  and  feveral  metallic 

nitres  will  detonate  to  a certain  degree  by 

heat 
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heat  alone,  without  the  addition  of  any  other 
body.  This  property  muft  be  attributed  to 
the  phlogifton  contained  in  their  bafes. 

The  detonation  of  nitre  is  not  well  under- 
stood, but  it  feems  to  be  analogous  to  the 
inflammation  of  oik  by  the  nitrous  acid,  and 
probably  depends  on  the  Strong  affinity  be- 
tween that  acid  and  phlogifton.  If  a piece 
of  red  hot  charcoal  be  plunged  in  the  nitrous 
acid,  it  is  quenched  with  fcarce  any  detona- 
tion, the  acid  not  being  fufficiently  concen- 
trated in  its  fluid  ftate  to  produce  the  effedt. 
But  in  nitre,  the  acid  is  in  a very  high  ftate 
of  dephlegmation  ; being  combined  with  the 
alkali,  which  may  anfwer  much  the  fame 
purpofe  as  the  admixture  of  vitriolic  acid  in 
the  inflammation  of  oils.  And  if  this  be  true, 
the  degree  of  concentration  may  be  greateft 
in  fuch  nitrous  lalts,  as  poffefs  the  moft  at- 
tractive bafes  with  refpect  to  the  acid  ; and 
confequently  in  thefe,  the  detonation  muft  be 
the  moft  violent. 

The  great  quantity  of  permanently  elaftic 
vapour,  which  is  produced  by  the  detonation 
of  nitre,  renders  it  necefiary  for  chemical 
operators  to  be  very  cautiQus  in  the  manage— 
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ment  of  their  proceffes  with  this  fait:  for  if 
the  production  be  very  quick,  the  veffels  will 
bur  ft  with  a great  and  dangerous  explofioq. 
The  detonation  depends  on  the  contadt  be- 
tween the  nitre  and  the  phlogiftic  fubftance.  If 
the  fur  face  of  cqntadt  be  extenfive,  thedecom- 
pofition  muft  be  more  rapid  and  fudden ; 
and  contrariwife,  if  the  furface  be  lefs,  the 
detonation  will  laft  longer,  and  be  lefs  vi- 
olent. Thus,  if  a lump  of  charcoal  be 
thrown  into  a fmall  crucible,  containing  ig- 
nited nitre,  a vivid  and  fierce  flame  will 
furround  the  charcoal,  and  the  decompo- 
fition  will  proceed  gradually  but  if,  by 
pulverizing,  the  fame  piece  of  charcoal  be 
made  to  prefent  a much  larger  furface,  and 
it  be  then  added  to  the  heated  nitre,  the 
erfedts  will  all  be  much  more  flrong  and 
fudden.  The  danger  of  explofion  is  there- 
fore in  fome  refpedt  diminifhed,  by  avoiding 
a too  intimate  mixture  of  the  nitre  with 
thofe  fubflances  which  might  afford  phlogifton. 

But  in  the  making  of  gunpowder  every 
circumffance  that  can  promote  the  fudden 
detonation  is  carefully  attended  to.  Gun- 
powder is  a compofition  of  nitre,  charcoal 

and 
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and  fulphur.  The  firft  of  thefc  is  that  on 
which  its  efficacy  depends;  the  charcoal  affords 
phlogifton,  and  the  fulphur  renders  the  mafs 
inflammable  at  the  flighted;  touch  of  an  ignited 
body.  In  the  manufacturing,  it  is  of  much 
more  confequence  that  the  ingredients  be  in- 
timately mixed,  than  that  the  propoitions  be 
ffriCtly  accurate.  One  hundred  pounds  of 
Englhh  gunpowder  is  faid  to  contain  yjlb. 
of  nitre,  i ^ lb.  of  fulphur,  and  i o lb.  of  chai  - 
coal.  Thefe  are  mixed  by  continual  kneading 
with  water  in  wooden  mortars,  with  wooaen 
peftles,  whofe  motion  is  produced  by  a mill. 
After  the  mixture  is  made,  this  paffe  is  rub- 
bed through  the  holes  of  a wire-fieve,  by 
which  it  is  cut  into  fmall  maffes  or  grains^ 
which,  for  mufquetry,  are  afterwards  fmooth- 
ed,  or,  as  it  is  termed,  glazed,  by  their  mu- 
tual friction  againfl:  each  other  in  a barrel, 
mounted  on  an  axis  for  that  purpofe.  Laftly, 
the  powder  is  rendered  as  dry  as  poffible,  by 
means  of  heated  ftoves,  fo  contrived,  as  to 
avoid  the  danger  of  exploflon.  The  effeCts 
of  gunpowder  are  very  much  augmented  by 
its  granulation  ; for  if  a gun  be  charged  with 
ungrained  powder,  the  fire  will  be  fucceffively 
X 4 commu- 
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communicated ; that  is  to  fay,  thofe  parts 
'which  are  far  from  the  touch-hole  will  not 
be  inflamed  till  the  parts  fituated  nearer  are 
hrfl  burnt,  and  exploded  : by  which  means  a 
great  quantity  of  the  powder  mull:  be  blown 
out  of  the  piece  without  exerting  its  force. 
But  when  the  powder  is  granulated,  the  ex- 
plofion  of  the  firft  fmall  quantity  commu- 
nicates its  flame  through  the  empty  fpaces 
between  the  grains,  and  fires  the  whole  almoft 
at  the  fame  inflant.  No  wonder  then  that 
the  efFedl  in  this  latter  cafe  fhould  be  prodi- 
gioufly  greater. 

Common  fait  is  extracted  from  mines  in  the 

earth,  and  is  then  called  fal  gemmae,  or  rock- 

/ 

fait.  There  are  alfo  many  fprings  which  fur- 
nifh  this  fait,  probably  from  their  palling 
through  mines  in  which  it  is  contained. 
And  the  ocean  is  every  where  impregnated  with 
about  one-thirtieth  of  its  weight  of  fait. 
From  thefe  feveral  fources  it  is  obtained  for 
culinary,  and  other  purpofes.  In  Italy,  Spain, 
and  the  fouth  of  France,  a ftrong,  though  im- 
pure, fait  is  obtained  from  fearwater,  by 
receiving  it  into  large  fluices  or  refervoirs,  and 
fpflering  it  to  evaporate  by  the  heat  of  the 

Sun, 
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Sun,  till  cryftals  are  produced.  This  is  called 
bay- fait.  In  England  fait  is  procured  molTly 
by  boiling  either  the  fait- water  of  the  fea,  or 
brine-fprings,  in  both  which  they  ufually 
diffolve  rock-falt.  The  ufe  of  crude  rock> 
fait  is  prohibited  in  England;  and  therefore 
it  is  always  purified  for  home  confumption  by 
folution  and  cryftallization.  A part  of  the 
Acid  of  fea-falt  is  driven  off  by  heat,  from 
which  circumftance  it  happens,  that  purified 
fait  is  always  ilronger  and  more  pungent  the 
Jefs  heat  is  employed  to  evaporate  the  water. 

I The  following  table  of  affinities  needs  no 
other  explanation  than  obferving,  that  the 
affinity  of  any  fubftance  to  that  which  dands 
at  the  head  of  the  column  is  greater  than  that 
of  any  other  which  (lands  beneath  it.  Thus, 
the  affinity  of  phlogifton  to  vitriolic  acid  is 
greater  than  that  of  fixed  alkali;  and  the 
refpedtive  affinities  of  the  other  bodies  to  the 
fame  acid,  pioceeding  down  the  column,  are 
lefs  and  lefs. 
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CHAP.  xnr. 

\ 

^ ' v 

Of  Magnetifm. 

1?  S 'H  A T remarkable  property  which  iron 
A poffefTes,  of  becoming  magnetical,  feems 
to  Hand  alone  among  natural  phenomena. 
It  is  the  only  inltance  of  permanent  attraction 
which  is  fufficiently  flrong  to  become  the 
objeCt  of  vulgar  attention  ; and  philofophers 

Iobferve  its  efFeCts  with  furprize  and  admira- 
tion, while  the  moft  cautious  and  rational  are 
obliged  to  confefs  that  the  caufe  is  entirely 
unknown. 

A ftrait  bar  of  iron,  which  in  thefe  parts  of 
the  world  has  flood  a long  time  in  a vertical 
pofition,  is  found  to  have  acquired  the  pro- 
perty of  attracting  other  iron  at  its  extremi- 
ties ; and,  if  fupported  in  a fmall  veffel,  fo 
as  to  float  at  liberty  upon  water,  conforms 
itfelf  to  a direction  nearly  in  the  plane  of  the 
meridian  ; the  end,  which  during  its  perpen- 
dicular fituation  was  downwards, always  point- 
ing towards  the  North.  This  bar  is  faid  to  be 
3 magnetical; 
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magnetical  j and  the  unknown  caufe  of  thefc 
and  other  concomitant  effects  is  called  mag- 
netifm. 

Magnetifm  may  be  given  to  iron,  or  rather 
fteel,  by  many  methods,  fome  of  which  we 
are  about  to  mention.  The  difpoiition  to 
conform  to  the  plane  of  the  meridian  is  cal- 
led polarity,  and  is  of  fuch  importance  in  its 
application,  that  the  modern  art  of  navigation 
could  not  exift  without  it.  The  mariner’s 
compafs  is  thus  conftrudted.  A flat  thin  bar  of 
tteel,  rendered  magnetical,  is  fattened  under- 
neath a circular  card,  (fig.  1 1 7. ) fo  that  the 

1 

diredtion  of  its  length  may  correfpond  with 
the  line  NS.  This  bar  is  perforated  in  the 
middle ; and  in  the- perforation  is  fixed  a brafs 
cap,  hollowed  out  conically,  which  confe- 
quently  is  in  the  center  of  the  card.  The 
card  thus  provided  with  a magnetical  bar, 
is  then  fupported  horizontally,  by  placing 
the  cavity  of  the  cap  on  an  upright  metallic 
point,  and  is  therefore' at  liberty  to  revolve 
into  any  horizontal  pofition.  But  the  bar, 
which  is  ufually  termed  the  needle,  con- 
forming itfelf  to  the  meridian,  caufes  the  fleur 
de  lis  of  the  card  to  point  to  the  North ; con- 

fequently, 
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fequently,  the  other  divilions  muft  denote  the 
refpedtive  bearings  of  the  points  of  the  com- 
pafs.  This  card  being  thus  fufpended  in  a 
hollow  box,  and  defended  from  the  wind  by 
a pane  of  glafs,  with  the  addition  of  a con- 
trivance to  prevent  the  effedts  of  the  agitation 
of  the  fhip,  is  the  mariner’s  compafs.;  by  the 
help  of  which  veffels  are  enabled  to  fleer  their 

Icourfe  with  fafety  in  the  darkefl  night,  and  at 
any  diflance  from  fhore. 

A light  magnetical  bar  fufpended  in  this 
manner  is  very  ferviceable  for  indicating  the 
magnetifm  of  other  pieces  of  iron.  For  a bar 
of  this  nature  will  be  fenfibly  moved  by  the 
adtion  of  another  magnetical  bar,  whofe  power 
is  too  weak  to  be  rendered  perceptible  any 
other  way. 

The  ends  of  a fimple  magnetical  bar  are 
called  its  poles ; and  that  pole,  which,  when 
at  liberty,  would  point  to  the  North,  is  called 
the  North  pole,  and  the  other  is  called  the 
South  pole. 

Univerfally,  in  two  magnetical  bodies  or 
magnets,  a flrong  attradlive  force  obtains  be- 
tween the  North  pole  of  one,  and  the  South 
pole  of  the  other,  and  a repulfive  force  ob- 
tains 
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tains  between  poles  of  the  fame  name.  But' 
the  repulfive  force  which  exifts  between  poles 
of  like  names,  is  mod  commonly,  and  per- 
haps univerfally,  changed  into  attraction,  when 
the  diftance  is  fufficiently  fmall.  From  thefe 
criterions  it  is  eafy  to  determine  the  names  of 

the  poles  of  a magnetical  bar,  by  applying  it 

\ 

near  the  fufpended  magnet,  whofe  poles  are 

i 

known. 

If  a bar  of  iron,  which  is  not  magnetical, 
be  held  in  a vertical  pofition,  its  lower  point 
becomes  a North,  and  its  upper  a South  pole; 
and  thefe  poles  may  be  reverfed  inftantly,  and 
as  often  as  required,  by  reverting  the  pofition 
of  the  ends ; for  the  lower  will  always  be 
North,  and  the  upper  South.  But  a few  fmart 
ftrokes  with  a hammer  at  the  upper  end  will 
fix  the  poles  in  their  lad  pofition,  fo  that 
after  the  reverting  it  the  hammered  end  will 
dill  continue  to  be  fouth,  though  lowed. 
Yet,  the  magnetical  power  is  much  the 
greateft  when  the  hammered  end  is  upper- 
moft,  and  the  effedt  of  the  hammering  dilap- 
pears  in  a few  hours. 

A bar  of  iron  being  fulpended  on  an  axis, 
in  a very  nice  equilibrium,  the  North  end  pre- 
ponderates 
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ponderates  when  the  bar  is  rendered  magne- 
tical, fo  that  it  becomes  inclined  to  the  horizon 
in  an  angle  of  about  feventy  degrees  in  thefe 
latitudes.  This  is  called  the  dip,  and  de- 
creafes  in  places  more  to  the  fouthward,  and 
even  becomes  inverted  in  places  fituated  con- 
fiderably  on  the  other  fide  of  the  equator. 
The  bar  thus  fufpended  is  termed  the  dipping- 
needle. 

Magnetifm  may  be  given  to  a bar  of  iron, 
by  placing  it  firm  in  the  pofition  of  the  dip- 
ping-needle, and  rubbing  it  hard  all  one  way 
with  a polifhed  fteel-inftrumcnt.  Iron  alfo 
becomes  magnetical  by  ignition,  and  quench- 
ing it  in  water  in  the  pofition  of  the  dipping- 
needle. 

The  touch  of  a magnet  communicates  the 
like  virtue  to  other  iron,  but  the  quantity  or 
degree  which  the  fame  magnet  can  commu- 
nicate, depends  greatly  upon  the  manner  in 
which  the  touch  is  performed.  If  two  equal, 
ftrait  and  uniform  magnetical  bars,  with  flat 
ends,  be  placed  together  endwife,  the  con- 
trary poles  touching  each  other,  they  will  form 
one  Angle  magnet,  and  will  communicate  a 
ftrong  degree  of  magnetifm  to  another  bar  by 

the 
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the  following  procefs : let  the  laft  mentioned 
bar  be  laid  in  the  direction  of  the  magneti- 
cal  meridian,  and  let  the  others,  each  of 
which  ought  to  be  at  leaft  as  long  as  the  bar 
to  be  impregnated,  be  laid  upon  it  in  their 
conjoined  hate,  fo  that  the  place  of  junction 
may  be  over  the  middle  of  its  length,  and 
their  poles  in  the  proper  diredtion.  Then 
feparate  the  two  magnets,  by  drawing  them 
afunder  along  the  furface  of  the  bar,  and  con- 
tinue to  feparate  them  till  their  ends  are  at  a 

confiderable  diftance  from  its  ends.  Join 
them  again  without  altering  the  fituation  of 
their  poles,  by  a circular  motion  of  the  hand, 
fo  that  they  may  meet  at  fome  diftance  above 
the  center  of  the  bar,  and  lay  them  again  uport 
it  as  before.  Repeat  this  operation  on  both 
fides  of  the  bar  till  it  has  acquired  a fuffi- 
cient  degree  of  magnetifm.  The  maximum 
is  generally  obtained  after  twelve  or  fourteen 
ftrokes. 

A bar  of  iron  receives  the  touch  more 
ftrongly  when  it  is  fupported  by,  or  in  con- 
tact with,  another  much  larger  ; and  a com- 
bination of  magnetical  bars  will  produce  a 
much  greater  eftedf  than  a fingle  one.  Soft 
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fieel  acquires  the  magnetical  power  more  rea- 
dily, but  does  not  preferve  it  fo  long  as  hard 
ffeel.  On  thefe,  and  other  confiderations, 
experiments  have  been  multiplied,  and  vari- 
ous methods  invented  of  giving  to  fteel  the 
utmoft  degree  of  magnetifm  it  is  capable  of 
receiving.  For  example,  fix  bars  of  fteel 
may  be  rendered  flightly  magnetical,  by  affix- 
ing each  fucceffively  to  a poker,  and  ftroking 
it  feveral  times  from  bottom  to  top  with  the 
lower  end  of  a pair  of  tongs ; care  being  taken 
to  keep  both  the  poker  and  tongs  in  a vertical 
pofition.  For,  thefe  utenfils,  by  long  {landing 
in  a vertical  pofition,  are  almofi:  always  pof- 
feffed  of  a fixed  magnetifm  j the  lower  ends 
being  North  poles.  Now,  if  four  of  the  fix 
bars  be  united  into  a thick  compound  bar, 
the  magnetifm  of  the  remaining  two  may  be 
greatly  increafed  by  touching  with  it.  Thefe 
two  bars  may  then  be  fubftituted  in  the  room 
of  the  two  outermoft  in  the  compound  bar, 
which  will  become  more  powerful  by  the 
exchange,  and  the  two  which  were  taken 
from  the  compound  bar  may  be  touched  in 
their  turn.  Thus,  by  reiterated  changes,  and 
touching,  the  bars  will  at  length  acquire  as 
Vql.  II.  It  much 
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much  magnetifm  as  they  are  fufceptible  of 

receiving. 

The  force  of  magnetifm  is  exerted  through 
all  fubftances,  iron  excepted,  and  it  has  not 
been  obferved,  that  it  buffers  the  leaft  diminu- 
tion by  the  interpolition  of  any  foreign  matter. 
Magnetifm  is  deftroyed  by  ignition  j and  a 
heated  bar  of  iron  is  not  attradled  by  the 
magnet  till  it  is  juft  upon  the  point  of  lofing 
its  rednefs. 

The  loadftone  is  a ponderous  ore  of  iron, 
ufually  of  a dirty  black  color,  and  hard  enough 
to  emit  fparks  with  fteel.  It  is  found  in  moft 
parts  of  the  world,  and  pofieffes  a natural 
magnetifm,  acquired  moft  probably  from  its 
fftuation  or  pofition  with  refpedt  to  the  earth. 
This  magnetifm  may  be,  as  it  were,  concen- 
trated, and  made  to  adt  much  more  ftrongly 
by  covering  its  polar  extremities  with  fteel. 
The  fteel  thus  applied  is  termed  the  armour 
of  the  loadftone,  and  requires  fome  manage- 
ment, as  to  figure  and  thicknels,  to  produce 
the  greateft  poffible  effedt.  Formerly  all 
magnetifm  was  originally  obtained  by  com- 
munication from  the  loadftone,  but  at  prelent 
the  power  of  fteel-bars,  impregnated  byarti- 
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flcial  means,  fo  much  exceeds  that  of  the 
natural  ftone,  that  this  latter  is  little  efleemed, 
except  as  a matter  of  curiofity.  The  magne- 
tifm  of  the  loadftone  is  in  all  refpeCts  fimikr 
to  that  of  a bar  of  iron  or  fteel. 

The  attraction  or  repulfion  of  two  magnets 
decreafes  as  the  diftance  increafes,  but  not 
according  to  any  ratio  of  the  diftance.  On 
this  account  a magnetical  bar,  which  is  at 
liberty  to  affume  any  horizontal  pofition,  as, 
for  example,  a needle  floated  on  water  by 
means  of  cork,  or  the  needle  of  a mariner’s 
compafs,  being  brought  into  the  vicinity  of 
another  magnet,  will  affume  fuch  a fituatioil 
as  fhall  refpeCtively  fatisfy  the  attractive  and 
repulflve  powers  as  much  as  poflible.  Thus,' 
if  a fufpended  magnetical  needle  be  brought 
hear  another  magnet,  it  will  place  itfelf  in  a 
pofition  parallel  to  the  axis  of  the  magnet,  if 
the  poles  of  contrary  names  in  each  be  mutu- 
ally equidiftant ; but  if  the  North  pole  of  the 
fufpended  needle  be  nearer  the  South  pole  of 
the  magnet  than  the  two  other  poles  are  to 
each  other,  itsNortn  end  will  be  moft  attracted, 
and  confequently  mull  incline,  fo  that  the  axes 
of  the  two  magnets  will  form  an  angle  greater 
■ , Y 2 
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or  lefs  according  to  circumftances.  Suppofe 
now  a fmall  magnetical  bar,  fufpended  fo  as 
to  be  capable  of  afluming  any  pofition  what- 
l'oever,  be  placed  upon,  or  near  the  furface  of 
a very  large  globular  magnet.  It  is  evident, 
in  this  cafe,  that  the  two  ends  of  the  fmall 
bar,  being  refpe&ively  attracted  by  the  con- 
trary poles  of  the  globe,  will  always  be  found 
in  the  plane  of  a flat  furface  pafling  through 
thofe  poles : or,  in  other  words,  if  circles  or 
meridians  be  fuppofed  to  be  defcribed  on  the 
globe,  interfering  each  other  in  thofe  poles, 
the  magnetical  bar  muft  always  be  in  the 
plane  of  one  of  them.  But  its  fltuation  with 
regard  to  the  fpherical  furface  will  be  governed 
by  the  excefs  of  attraction  in  the  nearefl  pole. 
If  the  bar  be  fufpended  immediately  over  the 
North  pole  of  the  magnet,  it  muft  ftand 
perpendicularly,  with  its  South  end  down- 
wards; but  if  it  be  gradually  removed  along 
the  furface,  towards  the  South  pole,  the  in- 
creaflng  aCtion  of  this  laft  pole  will  caufe  it 
gradually  to  incline  that  way.  At  the  equa- 
tor it  will  rell  parallel  to  the  furface ; and 
in  approaching  Jftill  nearer,  its  North  end  will 
incline  towards  the  furface  till  at  length  it 

will 
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will  Hand  perpendicularly  over  the  South  pole 
of  the  great  magnet,  with  its  North  end  down- 
wards. For  the  fake  of  concifenefs,  the  poles 

• / 

of  the  great  magnet  are  fuppofed  to  be  equally 
ftrong ; which,  however,  is  feldom  the  cafe 
in  reality. 

This  reafoning  may  be  exemplified  by  plac- 
ing a fmall  piece  of  fewing-needle  on  the  fur- 
face  of  a fpherical  magnet  or  loadflone.  Its 
pofition  is  found  to  vary  according  to  its  fitu- 
ation  with  refpeCt  to  the  poles.  For  the  fame 
reafons,  fteel- filings  gently  duffed  through  a 
rag  upon  a magnet  adhere  to  it  in  a very 
curious  and  amufing  manner.  The  filings, 
acquiring  magnetifm  by  the  contadf,  adhere 
together,  and  form  a number  of  fmall  mag- 
nets, which  arrange  themfelves  in  confor- 
mity to  the  attractions  of  the  poles  of  the 
original  magnet. 


From  obfervations  of  this  nature,  it  was 


very  early  fuppofed,  that  the  globe  of  the 
Earth  adts  as  a large  magnet  upon  all  other 
magnets : whence  they  naturally  tend  to  con- 
form to  the  meridian  or  line  which  joins  the 
poles  of  the  Earth.  And  the  dipping  of  the 
needle  is  readily  explained  to  arife  from  the 

y3 
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vicinity  and  confequent  Wronger  attradlion  of 
the  pole  towards  which  the  inclination  is 
made.  The  needle  of  the  mariner’s  compafs 
varies  from  the  true  diredtion  of  North  and 
South.  The  angle  formed  between  the  mag- 
netical  axis  of  the  needle  and  the  meridian  of 
a given  place  is  called  the  variation  of  the 
compafs,  and  differs  in  different  places  both 
in  quantity  and  diredtion  of  the  needle.  From 
the  phenomena  of  the  variation  it  is  proved, 
that  the  magnetic  poles  of  the  Earth  muft  be 
more  in  number  than  two,  and  that  they  do 
not  coincide  with  the  poles  about  which  the 
diurnal, rotation  is  performed. 

The  variation  of  the  compafs  does  not  con- 
tinue fixed  and  unalterable  at  a given  place. 
Thus,  at  the  Cape  of  Good  Hope  in  Africa, 
near  which,  at  its  fir  ft  difcovery  by  the  Portu- 
guefe,  there  was  no  variation  ; the  North  point 
of  the  compafs  in  1622  varied  about  20.  to  the 
weftward;  in  1675  it  varied  8°.  W.  in  1700 
about  ii°.  W.  in  1756  about  180.  W.  and  in 
1774  about  2 1~.°  W.  Regular,  though  very 
different  mutations  have  been  obferved  in 
almoft  every  other  place  on  the  globe.  The 
needle  of  the  compafs  is  likewife  fubjedt  to  a 

fmall 
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fmall  diurnal  change  of  pofition,  and  is  fome- 
times  confiderably  agitated  during  the  appear- 
ance of  the  aurora  borealis. 

The  obfervatiens  which  relate  to  the  mag- 
nctifm  of  the  Earth  have  not  been  continued 
long  enough  to  afford  a foundation  for  a good 
theory.  Dr.  Halley’s  hypothecs,  though 
formed  near  a century  ago,  ftill  remains  the 
only  one  which  feems  at  all  adapted  to  the 
phenomena,  Heluppofes  the  Earth  to  confifl 
of  two  diftindt  parts,  an  external  fhell,  or  hol- 
low fphere,  and  an  internal  nucleus  or  globe, 
loofe  and  detached  in  the  cavity,  having  the 
fame  center  of  gravity  with  the  external  pait. 
Each  of  thefe  parts  he  regards  as  a feparate 
magnet,  endued  with  two  poles,  their  magne** 
tical  axes  not  being  coincident.  A compafs- 
needle  on  the  external  furface  muff  theiefore 
be  adted  upon,  as  if  by  a magnet  with  four 
poles.  From  the  phenomena  he  determines 
the  fituation  of  the  feveral  poles ; and  thus 
explains  the  variation,  But  as  the  variation 
changes  in  procefs  of  time  at  any  given  place? 
it  follows,  that  thefe  poles  do  not  keep  the 
fame  pofition  with  refpedt  to  the  furface  of 
the  Earth,  and  to  each  other.  This  movement 
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he  accounts  for,  by  fuppofing  that  the  diurnal 
motion  of  the  Earth  was  impreffed  from  with- 
out, and  that  the  velocity  of  the  internal  part, 
or  nucleus,  is  fomewhat  lefs  than  that  of  the 
external  part,  or  fhell.  Confequently  the 
nucleus  mull  feem  to  revolve  flowly  to  the 
weftward,  and  its  poles  mull  defcribe  leffer 
circles  about  the  poles  of  the  Earth.  And  as 
the  relative  pofition  of  the  four  magnetical 
poles  to  each  other,  and  to  the  poles  of  the 
Earth,  is  changed,  fo  mud  likewife  the  direc- 
tion of  the  needle,  or  the  angle  it  makes  with 
the  meridian,  be  altered. 

Thus,  a kind  of  regularity  prevails  in  the 
increafe  and  decreafe  of  the  variation,  and  alfo 
the  direction  of  the  variation  which  fhips  ob- 
ferve  as  they  fail  to  various  parts  of  the  ocean. 
In  the  Atlantic  ocean  to  the  North,  and  eaft- 
ward,  and  all  over  the  Indian  ocean,  except 
in  the  bay  of  Bengal,  a wefterly  variation  ob- 
tains; but  to  the  weftward  of  a certain  line,  at 
which  there  is  no  variation,  all  along  the 
coaft  of  South  America,  and  in  the  Pacific 
ocean,  as  far  as  the  140th  degree  of  weft 
longitude,  an  eafterly  variation  is  obferved; 
and  in  the  whole  Pacific  ocean  befides,  the 
0 variation 
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variation  is  probably  to  the  weft,  unlefs  we 
may  conjecture  that  an  eafterly  variation  may 
be  found  in  the  regions  to  the  northward. 

When  the  variation  changes  quickly  in 
running  upon  a parallel,  as  is  the  cafe  in  the 
louthern  Atlantic,  and  great  part  of  the  In- 
dian ocean,  the  longitude  may  be  determined 
with  a confiderable  degree  of  correCtnefs  at 
fea.  The  author  of  this  treatife  knows  from 
experience,  that  the  magnetic  azimuth  of  the 
Sun  may  be  eaftly  obferved  in  moderate  wea- 
ther to  the  certainty  of  a lefs  error  than  ten 
minutes  of  a degree  : and  the  true  azimuth  is 
obtained  from  the  Sun’s  altitude,  taken  at  the 
fame  time  by  an  afiiftant.  Their  difference  is 
the  variation.  Now,  on  the  parallel  of  36°. 
South,  for  example,  the  variation  changes  30'. 
for  every  degree  of  longitude : the  obferver, 
therefore,  who  knows  the  quantity  of  the 
variation  within  one-third  of  that  quantity, 
can,  by  means  of  a chart  of  the  variations, 
difcover  his  longitude  to  lefs  than  one-third 
of  a degree  ; which,  upon  that  parallel,  is 
equal  to  no  more  than  the  inconfiderable 
error  of  five  leagues.  But  the  great  impedi- 
ment to  this  method  is  the  want  of  a chart ; for 

the 
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the  continual  change  of  the  variation  makes  it 
neceffary  that  it  fhould  be  renewed  at  the 
end  of  every  three  or  four  years.  This  fhort 
time  of  fale  cannot  pdfiibly  repay  the  charges 
of  the  compiler.  Individuals  are  therefore 
deterred  from  engaging  in  a labor,  which, 
though  beneficial  to  fociety,  cannot  fail  of  be- 
ing attended  with  lofs  to  themfelves. 
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SECT.  II. 


Of  Air. 


ILL  very  lately  air  has  always  been 


confidered  as  an  elementary  and  Am- 
ple fubflance,  and  no  one  attempted  to 
analyfe  it : and  in  chemical  refearches  that 
elaftic  and  in vilible  fluid  which  efcapes  dur- 
ing fermentation  and  folution,  and  which  in 
diftillation  renders  it  neceftary  to  perforate  the 
receiver,  in  order  to  prevent  the  explofion  of 
the  veflels,  has  been  fcarcely,  if  at  all,  exa- 
mined into.  But  at  prefent  every  elaftic  fluid 
or  vapor,  which  can  be  obtained  in  fuch  a fitu- 
ation  as  to  preferve  its  elafticity  without  any 
eonfiderable  diminution  by  cold,  is  called  air. 
Vapor,  therefore,  is  an  elaftic  fluid,  which 
may  be  condenfed  into  a palpable  fubftance  by 
cold,  but  air  cannot  be  deprived  of  its  elafti- 
ci ty  but  by  combination. 
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CHAP.  I. 

Of  the  Method  of  making  Experiments  ; and 
ef  refpirable  Air . 

THE  moft  convenient  method  of  pre- 
ferving  the  various  kinds  of  air  from 
communicating  with  the  external  air  is,  to 
make  ufe  of  glafs-vefiels,  whofe  mouths  are 
immerfed  in  water,  or  fome  other  fluid.  Let 
A (fig.  1 34.)  reprefent  a tub ; KKKK  is  a 
fhelf  fixed  within,  for  the  purpofe  of  fupport- 
ing  the  inverted  glafs-vefiels.  Water  is  poured 
in  the  tub  to  the  height  W.  When  it  is 
required  to  fill  a jar  either  wholly  or  in  part 
with  air,  the  vefiel  is  filled  with  water  by 
plunging  it  in  the  tub,  and  then  carefully 
placed  on  the  fhelf  with  its  mouth  down- 
wards, fo  that  one  of  its  edges  may  a little 
overhang  the  edge  of  the  lhelf.  By  the  pref- 
fure  of  the  atmolphere  the  jar  continues  full 
of  water ; but  if  another  vefiel,  containing 
air,  be  brought  underneath,  and  the  mouth 
of  this  laft  vefiel  turned  up,  the  air  will  rufh 

out, 
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out,  and  rife  to  the  upper  part  of  the  jar, 
expelling  an  equal  bulk  of  water.  Thus,  the 
yeifel  G being  previoufly  filled  with  water, 
and  inverted,  receives  the  air  which  is  poured 
out  of  the  bottle  I through  the  funnel  H.  C 
is  a fmall  cryftal-glafs  bottle,  or  retort,  into 
the  neck  of  which  the  bent  tube  D is  fitted 
by  grinding.  It  contains  fubftances,  which, 
by  efFervefcence  or  otherwife,  produce  air. 
The  other  end  of  the  tube  is  inferted  under 
the  jar  B,  into  which  the  fa&itious  air  rifes, 
and  is  preferved  for  examination.  E is  a fmall 
retort,  which  is  applied  to  the  fame  purpofe 
as  the  bottle  D.  Being  formed  of  green  glafs, 
and  all  in  one  piece,  it  is  much  cheaper,  and 
will  bear  the  application  of  a greater  degree 
of  heat  when  required.  When  heat  is  necef- 
fary,  a large  candle  or  chafing-didi  of  coals 
may  be  placed  underneath  the  vefiel  C or  D -r 
but  if  a ftill  greater  degree  be  required  than 
glafs  can  fuftain,  an  iron  retort  or  gun-barrel 
may  be  ufed. 

It  is  proper  toobferve,  that  all  glafs-vefiels, 
which  are  defigned  to  fuftain  the  fudden  ap- 
plication of  heat  without  breaking,  ought  to 
be  made  very  thin.  It  will  likewife  be  ufeful 


to 
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to  the  operator  to  be  reminded,  that  glafs- 
veffels  may  be  readily  cleanfed  from  the  ruft 
of  iron,  and  other  metallic  impurities,  by  pre- 
vioully  rinfing  them  with  a fmall  quantity  of 
the  marine  acid. 

If  the  air,  which  it  is  propofed  to  examine, 
be  of  fuch  a nature  as  to  combine  readily  with 
water,  a fmaller  apparatus  may  be  made  ufe  of, 
in  which  quickfilver  is  fubftituted.  There 
are  alfo  feveral  other  contrivances,  of  which 
the  experimenter  may  avail  himfelf,  by  con- 
fulting  the  writings  of  Dr.  Prieftley:  and 
there  are  many  particulars  which  his  own  ob- 

fervation  cannot  fail  to  fugged. 

It  has  long  been  obferved,  that  the  common 

air  of  the  atmofphere  is  capable  of  combining 

with  many  fubftances.  From  this  caufe  water 

is  held  in  folution  by  the  air;  and  rain,  fnow, 

or  hail,  appear  to  be  precipitations  which  may, 

perhaps,  be  caufed  by  the  matter  of  eledtricity 

combining  With  the  water,  and  detaching  it 

from  the  air,  in  the  fame  manner  as  the  marine 

acid  precipitates  metallic  fubftances  from  the 

acid  of  nitre.  As  water  may  be  combined 

with  and  diffolved  in  air,  fo  like  wife  air  may 

be  diffolved  in  water.  The  affinities  of  the 

different 
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different  kinds  of  air  to  other  bodies  are  vari~ 
ous,  and  they  are  confequently  met  with  in 
combination,  and  may,  by  proper  manage- 
ment, be  obtained  in  a detached  ffate. 

Common  air  is  diminished  in  bulk  by  every 
procefs  in  which  phlogifton  is  faid  to  efcape 
from  bodies.  Combuftion,  the  calcination  of 
metals,  the  exhalations  of  liver  of  fulphur, 
white  paint,  vegetable  flowers,  and  various  in- 
flammable matters,  putrefadion,  respiration 
of  animals,  and  the  eledric  fpark,  phlogifti- 
cate  the  atmofpheric  air.  The  greateft  dimi- 
nution of  air  by  phlogiffication  is  about  one- 
fourth  of  the  firft  quantity ; and  air  which  is 
: dimini flaed  to  its  utmoft  by  any  one  procefs 
; cannot  be  farther  affeded  by  any  other.  Com- 
buftion, the  calcination  of  metals,  and  the 
refpiration  of  animals,  cannot  be  performed  in 
phlogifticated  air  5 they  therefore  ceafe  at  a 
certain  period  of  the  procefs  when  inclofed  in 
a given  quantity  of  air:  if  the  quantity  be 
■2  greater,  the  combuftion  continues  longer,  a 
■ greater  quantity  of  metal  may  be  reduced  to  a 
' calx,  or  the  death  of  the  inclofed  animal  is 
I retarded.  With  regard  to  the  effed:  of  phlo- 
to  gifticated  air  on  animal,  life,  there  feems  to  be 
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fome  pofitive  adtion*  befides  the  mere  priva-* 
tion  of  refpirable  air  5 for  an  animal  plunged 
in  a veifel  of  noxious  air  dies  much  more 
fuddenly  and  irrecoverably  than  in  the  vacuum 
of  an  air-pump. 

The  combination  of  phlogifton  with  refpir- 
able air,  and  its  confequent  diminution  in 
bulk,  might  naturally  be  expedted  to  produce 
an  increafe  of  denfity.  But  the  contrary  ap- 
pears rather  to  be  the  cafe.  This  circum- 
ftance  feems  to  depend  upon  a precipitation 
which  takes  place  of  one  of  the  principles  of 
the  air.  For,  if  the  operation  be  carried  on 
in  lime-water,  inftead  of  common  water,  the 
lime  is  precipitated,  and  upon  examination  is 
found  to  be  no  longer  cauftic.  The  caufticity 
of  the  lime  may  be  reftored  by  heat,  which  at 
the  fame  time  expels  a confiderable  quantity 
of  a denfe  air,  which  we  are  to  deicribe  under 
the  name  of  fixed  air.  It  therefore  follows/ 
that,  during  the  phlogiftication  of  common 
air,  fixed  air  is  precipitated;  and  confequently 
that  the  refidue  may  be  either  denier  or  rarer 
accordingly  as  the  denfity  and  other  proper- 
ties  of  the  phlogifton  may  prevail : but  ofthefe 
properties  we  know  very  little.  Neither  has 
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it  been  determined  whether  fixed  air  exifts  in 
the  atmofphere  ready  formed,  or  is  produced 
by  a combination  which  may  take  place  be- 
tween phlogifton  and  one  of  the  principles 
of  the  atmofphere. 

Air  diminifhed  by  calcination  does  not  pre- 
cipitate the  lime  from  water.  This  is  pretty 
well  accounted  for,  by  fuppofing  the  affinity 
between  fixed  air  and  metallic  calces  to  be 
greater  than  between  the  former  and  lime  or 
water;  the  precipitated  fixed  air  therefore  muff 
combine  with  the  calx  inflead  of  the  lime. 
The  increafed  weight  of  metallic  calces,  and 
the  air  they  are  found  to  contain,  afford  an 
additional  confirmation  of  this. 

Every  fpecies  of  air  may  be  totally,  and 
almoft  inftantaneoufly,  abforbed  by  charcoal 
heated  red  hot,  or,  which  has  been  heated  red 

I hot,  and  extinguiffied,  by  plunging  it  in  quick- 
filver,  without  afterwards  expofing  it  to  air. 

I 1 he  quantity  of  air  which  may  be  thus 
1 abforbed  is  many  times  the  bulk  of  the  char- 
3 coal  employed.  In  order  to  repeat  this  expe- 
riment, let  a jar,  partly  filled  with  quick'* 
filver,  and  partly  with  any  fpecies  of  air,  be 
inverted  into  a bafon  of  quickffiver ; and  let 
Vol.  II.  2 
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pieces  of  charcoal,  which  have  been  previ- 
ously ignited,  and  extinguished  in  the  quick- 
filveF,-  without  having  been  afterwards  expofed 
to  air,  be  flipped  under  the  jar.  They  will 
immediately  rife  to  the  furface,  and  come  into 
contact  with  the  included  air;  part  or  all  of 
which  air,  according  to  its  quantity,  relatively 
to  the  quantity  of  charcoal,  will  aimed  in- 

flantaneoufly  difappear. 

The  noxious  quality  of  air,  which  has  been 
phlogifticated  by  refpiration,  has  been  ingeni- 
o ully  applied  to  explain  the  fadls  related  by 
travellers,  that  animals  are  killed  by  the  breath 
of  whales,  and  particularly  by  the  breath  of 
an  immenfe  ferpent  that  inhabits  the  banks  of 
the  river  Amazon.  For  the  air  refpired  by 
thofe  very  large  creatures  may  be  fufficient  to- 
tally to  envelope  fmaller  animals,  and  to  ex- 
clude the  air  during  a fmall  portion-  of  time, 
which,  however,  may  be  fufficient  for  tins 
noxious  air  to  produce  its  fatal  effect. 

The  denfity  or  rarity  of  atmafpherkal  air, 
within  certain  limits,  is  not  of  fo  much  con- 
fequence  to  refpiration  as  might  be  imagined. 
For  the  air  at  the  fummits  of  mountains  is 
frequently  not  more  than  half  the  mean  den- 
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iity  of  the  air  at  the  level  of  the  fea,  but  is 
neverthelefs  breathed  without  inconvenience* 
And  Dr.  Halley  remained  an  hour  and  an  half 
at  the  bottom  of  the  fea  in  the  diving-bell* 
without  any  ill  confequence,  at  the  depth  of 
ten  fathom,  care  being  taken  to  renew  the  air* 
Now,  the  preflu  re  of  ten  fathom  of  fea-water 
is  almod  equal  to  that  of  two  atmofpheres, 
and  confequently  the  air  in  that  fltuation  mud 
have  been  comprelfed  into  one  third  of  its  ori- 
ginal fpace. 

The  long  expofure  of  air  to  the  phlogidic 
emanations  in  coal  mines,  and  other  fubterra- 
neous  places,  and  the  aCtual  production  of 
noxious  air,  which  is  occafioned  by  the  fponta- 
neous  precedes  which  are  carried  on  in  the 
bowels  of  the  earth,  gives  birth  to  the  damps 
which  are  fo  fatal  to  miners.  And  fince,  upon 
the  whole,,  the  daily  combudion  of  fuel,  the 
refpiration  of  animals,  and  the  putrefaction  of 
animal  and  vegetable  fubdances,  mud  conti- 
nually vitiate  a great  quantity  of  air,  it  is  of 
confequence  to  enquire  what  provisions  there 
are  in  nature  to  counteract  a depravity,  which 
would  other  wife-  put  an  end  to  the  life  of  every 
creature  on  the  furface  of  the  earth. 
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Noxious  air  is  meliorated  by  agitation  in 
water.  It  is  therefore  probable,  that  the  con- 
tinual circulation  of  water,  by  evaporation, 
which  falls  again  in  fhowers,  may  contribute 
much  to  preferve  the  purity  of  the  atmo- 
fphere.  But  vegetation  is  more  particularly 
effectual  in  this  refpecft.  If  the  frefti  leaves  of 
any  plant  be  put  into  an  inverted  jar,  con- 
taining water,  and  expofed  to  the  diredt  light 
of  the  Sun,  they  emit  a confiderable  quantity 
of  air,  which  pofiefles  all  the  properties  of  the 
pureft  atmofpherical  air,  but  in  a much 
higher  degree ; as  is  proved  from  its  greater 
aptitude  to  promote  combuftion,  and  the  dif- 
ficulty of  rendering  it  noxious  by  any  of  the 
proceffes  which  injure  common  air.  This  is 
termed  dephlogifticated  air,  and  obfervation 
evinces,  that  it  is  not  really  produced  from 
the  plant,  but  confiits  of  air  which  is  imbibed 
in  its  phlogiftic  Hate,  and  again  emitted  in  a 
Bate  of  purity. 

Dephlogifticated  air  is  obtained  by  expofing 
either  red  lead,  or  the  precipitate  per  fe  of 
mercury,  to  heat;  or,  by  heating  any  dephlo- 
gifticated earth  or  alkali,  which  has  been  pre- 

vioufiy  moiftened  with  the  nitrous  acid.  In 
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the  firfl  inftances,  it  is  probable  that  the  calces 
of  lead  and  mercury  only  gave  out  that  pure 
air  which  had  before  combined  with  them 
during  their  calcination  ; but  the  latter  feems 
to  point  out  the  conftitution  of  dephlogifti- 
cated  air.  For  the  fame  earth  will,  by  re- 
peated moiftening  with  the  nitrous  acid,  be 
rendered  capable  of  producing  frefh  quanti- 
ties of  pure  air,  till  the  earth  be  intirely  con- 
fumed.  It  is  therefore  probable  that  dephlo- 
gifticated  air  conlifts  of  the  limpleft  or  ele- 
mentary earth,  combined  with  an  acid  in  a 
flate  of  permanently  elaftic  vapor. 

Dephlogifticated  air  may  be  expelled  by 
heat  from  almoit  all  the  faline  combinations  of 
the  vitriolic  acid.  The  acid  of  this  air,  if  the 
expreffion  may  be  ufed,  coniifts  then  of  fome- 
thing  which  is  common  both  to  the  nitrous 
and  vitriolic  acids,  and  the  earth  confifts  of 
fomething  which  is  common  to  the  metalline, 
calcareous,  argillaceous,  and  alkaline  earths. 
A decompofition  of  pure  air  muft  therefore 
be  an  exceedingly  interefting  phenomenon, 
fince  we  might  thence  obtain  an  acid,  or  an 
earth  vaftly  more  fimple  than  any  fubftance 
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to  which  chemifts  have  given  the  name  of 
element. 

Dr.  Prieftley,  whofe  induftry  in  this  depart- 
ment of  natural  philofophy  has  been  crown- 
ed with  peculiar  fuccefs,  has  offered  a very 
happy  theory  of  the  detonation  of  nitre.  For, 
fince  a large  quantity  of  dephlogifticated  air 
is  produced  from  heated  nitre,  and  this  air  is 
much  more  difpofed  to  promote  combuftion 
than  the  lefs  pure  air  of  the  atmofphere,  it  is 
pot  to  be  wondered  at,  that  any  inflammable 
fubftance  brought  into  contact  with  nitre 
fufficiently  heated,  fhould  be  confumed  with 
great  violence  and  ardor.  The  inflammable 
fubftance,  by  its  great  heat  on  the  other  hand, 
promotes  the  converfion  of  the  nitrous  acid 
into  air,  and  the  maximum  of  heat,  relatively 
to  the  furface  of  inflamed  matter  and  nitre  in 
mutual  contadl,  is  quickly  obtained.  When 
that  furface  is  very  extenfive,  as  is  the  cafe  in 
gunpowder,  the  great  quantity  of  air,  which  is 
almoft  inftantaneoufly  generated,  together  with 
the  intenfe  heat,  mud  occafion  a very  ftrong 
cxplofion.  The  prefence  of  the  external  air 
is  obvioufty  unnecefiary. 

Dephlogifticated 
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Dephlogifticated  air  is  heavier,  and  phlo- 
giflicated  air  is  lighter  than  the  common  air 
of  the  atmofphere. 


CHAP.  II. 

t '< 

Of  Fixed  Air. 

X F any  native  calcareous  earth,  as  chalk, 
A marble,  lime-flone,  fea- (hells ; or  mild 
fixed  alkali,  or  magnefia,  be  expofed  to  vio- 
lent heat  in  a retort,  an  elaftic  fluid  is  expel- 
led, which  is  improperly  termed  fixed  air.  If 
an  acid  be  added  to  any  of  thefe  fubflances, 
an  ebullition  arifes,  from  the  efcape  of  this 
fluid  in  the  form  of  bubbles.  The  ufual 
method  of  obtaining  fixed  air  for  experi- 
mental purpofes,  is,  by  immerfing  chalk  in 
water,  rendered  four  by  the  addition  of  a fmall 
quantity  of  the  vitriolic  acid.  Calcareous 
earths  in  general  contain  more  than  one- 
third  of  their  weight  of  fixed  air. 

Fixed  air  is  in  the  highefl:  degree  noxious* 
immediately  extinguilhing  a candle,  and  pro- 
ducing almoft  inflantaneous  death  to  the  ani- 
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mal  that  breathes  it.  It  is  heavier  than 
any  other  kind  of  air,  being  in  the  propor- 
tion of  1 57  to  ioo  to  the  weight  of  atmo- 
ipherical  air,  and  is  readily  imbibed  in  water 
to  which  it  communicates  an  acidulous  tafte, 
which  is  not  unpleafant.  It  does  not  exhibit 
many  proofs  of  acidity  while  in  its  elaftic 
Hate,  but  is,  however,  fufficiently  fo  to 
change  the  color  of  blue  ftained  paper.  The 
criterion  by  which  it  is  diftinguilhed  is  that 
of  combining  with,  and  precipitating  the  lime 
contained  in  lime-water,  which  by  that  means 
is  rendered  mild,  and  capable  of  again  effer- 
vefcing  with  acids,  as  has  already  been  ex- 
plained in  fpeaking  of  the  properties  of  calca- 
reous earth. 

**  0 

A great  quantity  of  fixed  air  is  emitted  by 
fubftances  in  the  ftate  of  vinous  fermentation. 
It  is  likewife  emitted  from  bodies  while  they 
undergo  the  putrefadive,  and,  probably,  dur- 
ing the  acetous  fermentation.  The  upper 
part  of  the  large  vats  in  brew-houfes,  which 
are  partly  filled  with  fermenting  liquor,  is 
almoff  entirely  occupied  by  fixed  air,  which, 
on  account  of  its  great  fpecific  gravity,  does 
not  readily  efcape.  It  is  particularly  amufing 

to 


Fixed  Air . 


345 

to  make  experiments  with  this  large  quantity 
of  inyifible  fluid,  whofe  properties  are  lb 
different  from  common  air.  Candles,  or 
lighted  paper,  are  inftantly  extinguifhed  by 
dipping  into  it ; and  water  in  a lhallow  dilh, 
which  is  held  near  the  furface  of  the  ferment- 
ing liquor,  foon  becomes  impregnated  with 
fixed  air,  and  acquires  the  Iparkling  appear- 
ance and  brilk  taffe  which  is  oblerved  in  fome 
mineral  fprings.  A fmall  quantity  of  gun- 
powder being  exploded  in  this  atmofphere  of 
fixed  air,  the  fmoke  diffufes  itfelf  without 
rifing  out  of  its  confine  : and  by  this  means 
the  body  of  fixed  air  may  be  rendered  vifible, 
and  its  upper  furface  thrown  into  waves  by 
agitation.  But  the  moft  ffriking  method  of 
performing  experiments  with  fixed  air  is,  to 
lade  it  out  by  means  of  veffels,  like  water,  or 
any  other  denfe  fluid.  Nothing  can  be  more 
lingular  than  this  adtion,  of  pouring  from  one 
veffel  to  another,  where  nothing  appears  that 
is  thus  poured ; and  to  fee,  neverthelefs,  a 
candle  inffantly  become  extindt,  an  animal  die 
in  a few  feconds,  and  an  alkali  made  to  cryf- 
talhze,  when  they  are  put  into  this  fecond  jar, 
which  does  not  feem  to  contain  any  thing. 

Fixed 
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Fixed  air  appears  to  be  a peculiar  acid, 
whofe  affinity  to  water  is  too  fmall  to  admit  of 
exhibiting  it  in  a denfe  concentrated  form.  It 
feeins  to  pre-exid  in  calcareous  earths,  and 
fimilar  bodies,  from  which  it  is  obtained,  and 
which  may  be  again  redo  red  to  a mild  date  by 
re-combining  with  it.  But  it  may,  perhaps, 
be  produced  by  fermentation  from  bodies  in 
which  it  did  not  previomdy  exid  as  a principle. 
It  may  be  fufpeded,  that  fixed  air  is  the  acid 


part  of  pure  air,  combined  with  phlogidon ; 
for  it  is  abundantly  produced  by  the  defla- 


gration of  nitre  with  charcoal ; whereas  a de- 
phlogidicated  air  would  have  been  produced 
if  the  nitrous  acid  had  been  heated  with  an 
earth  not  containing  phlogidon.  Small  por- 
tions of  fixed  air  are  obtained  during  the  pro- 
cefles  for  procuring  dephlogidicated  air. 

Several  faline  fubdances  aflord  fixed  air ; and 

it  may,  as  an  acid,  be  combined  with  alkaline, 

earthy,  and,  perhaps,  metallic  bafes,  lo  as  to 

form  neutral  falts.  It  is  faid  that  Mr.  Achat d 

of  Bale  has  procured  true  crydals  as  hard,  and 

of  the  fame  drape  as  native  rock  crydals,  by 

applying  fixed  air  in  a certain  manner,  and  by 

a very  flow  operation  to  fome  earthy  matter . 

A heavy 
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A heavy  and  noxious  air,  which  by  its  pro- 
perties feems  to  be  fixed  air,  is  found  in  fome 
caverns,  and  not  unfrequently  in  mines.  The 
coal-miners  call  it  choke-damp.  The  Grotto 
del  Cano  in  Italy  is  a dry  cave,  which  pene- 
trates about  twenty  feet  into  the  fide  of  a 
mountain,  and  has  for  ages  been  covered  at 
the  bottom  with  a Stratum  of  fixed  air,  which 
inftantly  extinguishes  candles,  and  kills  ani- 
mals which  hold  their  heads  down.  All  the 
fparkling  mineral  waters  contain  fixed  air,  and 
it  is  to  this  fluid  that  beer,  cyder,  champagne, 

and  fimilar  liquors,  owe  their  briiknefs  and 
[ pungency. 

Liquors,  containing  fixed  air,  are  remark- 
ably antifeptic.  The  impregnation  of  water 
with  fixed  air  is  therefore  a matter  of  confider- 
able  importance,  as  it  may  furniSh  one  of  the 
beSt  remedies  for  that  terrible  diforder  the  fea- 
fcurvy.  The  cheapeSt  method  of  performing 
this  is  by  means  of  a bladder,  in  the  neck  of 
which  is  fixed  a perforated  cork.  Fig.  135. 
A is  a bottle,  containing  the  effervefcing 
mixture  of  chalk,  or  marble,  and  water  ren- 
dered acid  by  the  affufion  of  oil  of  vitriol.  B 
is  an  empty  bladder,  in  the  neck  of  which  is 
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faftened  a perforated  cork,  which  in  the  figure 
is  likewife  inferted  in  the  neck  of  the  bottle 
A.  The  fixed  air  generated  by  the  effervef- 
cence  muft  therefore  pafs  through  the  cork, 
and  difiend  the  bladder.  While  the  bladder 
is  thus  filling,  the  operator  fills  the  bottle  C 
with  water,  and  inverts  its  neck  into  the  bafon 
F,  which  likewife  contains  a fmall  quantity  of 
water.  This  may  eafily  be  done  without  any 
efcape  of  the  water  from  the  bottle,  if  the 
neck  be  clofed  by  means  of  a card,  which  may 
be  withdrawn  after  the  immerfion.  The 
bladder  being  filled,  muft  be  withdrawn  from 
the  bottle  A,  and  a bent  tube  E inferted  in 
the  perforation  of  the  cork,  by  means  of 
which  the  fixed  air  may,  by  prefling  the 
bladder,  be  driven  into  the  upper  part  of  C, 
the  difplaced  water  fubfiding  at  the  fame  time 
into  the  bafon.  The  tube  muft  now  be  with- 
drawn, and  the  bladder  repleniflied  as  before, 
from  the  bottle  A ; during  which  time  the 
bottle  C muft  be  agitated,  care  being  taken 


that  its  mouth  be  continually  under  the  fur- 
face  of  the  water.  By  this  means  the  greateft 
part  of  the  fixed  air  will  be  very  quickly  im- 
bibed by  the  water,  which  conlequently  will 
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rife  into  the  bottle  as  before.  The  operation 

\ 

may  be  again  repeated  till  the  water  has  im- 
bibed a quantity  of  fixed  air  exceeding  its 
own  bulk;  at  which  period  it  will  be  found 
to  exceed  the  bed  Pyrmont  water  in  brifknefs 
and  pungency. 

But  the  mod  effe&ual  and  elegant  method 
of  impregnating  water  with  fixed  air  is  by 
the  apparatus  delineated  fig.  136.  It  confids 
of  three  glafs-veffels ; the  lower  C has  two 
necks,  D and  H ; the  former  of  which  is 
clofed  with  a ground  dopper.  The  fecond 
veffel  B is  fitted  into  the  neck  H of  the  lower 
veffel  by  grinding ; and  in  the  lower  neck  of 
B is  a valve,  contrived  by  means  of  a plano- 
convex lens,  moveable  between  two  perforated- 
doppers,  as  in  the  large  reprefentation,  fig. 
137.  The  upper  veffel  A,  which  terminates 
at  bottom  in  a tube  G,  is  likewife  fitted  by 
grinding  into  the  neck  I of  the  middle-veffel, 
and  is  clofed  at  top  by  a conical  ground  dopper 
F.  The  effervefcing  materials  are  put  into 
the  lower  veffel  C,  the  middle  veffel  B is  filled 
with  the  water  to  be  impregnated,  and  the 
whole  apparatus  is  put  together  as  in  the 
■ - ' drawing. 
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drawing.  The  fixed  air  paffes  through  the 
valve  at  H into  the  upper  part  of  the  veffel  B, 
and  difplaces  a quantity  of  water,  which  rifes 
through  the  tube  G into  the  veffel  A,  the 
common  air  in  A lifting  up  the  conical  Hop- 
per F,  and  efcaping.  When  the  water  in  B 
has  fubfided  below  the  orifice  of  the  tube  G,  it 
can  no  longer  be  impelled  into  A,  but  a part 
of  the  fixed  air  rifes  inftead,  and  by  expelling 
the  greateft  part  of  the  remainder  of  the  com- 
mon air,  occupies  the  upper  part  of  the  veffel 
A.  Thus,  then,  the  contained  water  is  ex- 
pofed  for  a long  time  to  a furface  of  fixed 
air,  without  any  communication  with  the 
atmofphere.  The  effervefcing  materials  may 
• be  occafionally  renewed  at  the  aperture  D,  and 
the  impregnated  water  may  be  tailed  or  diawn 
off  by  the  glafs  cock  E.  If  the  veffels  be  not 
agitated,  it  is  feveral  hours  before  the  water 
acquires  its  utmoft  impregnation. 

The  colder  the  water,  provided  it  be  not 

congealed,  and  the  greater  the  preffure  it  fuf- 

tains,  the  greater  quantity  of  fixed  air  may 

be  abforbed.  Water  gives  out  its  fixed  air 

either  by  boiling  or  by  being  placed  in  the 

vacuum 
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vacuum  of'  an  air-pump.  Freezing  likewife 
extricates  the  fixed  air  from  water,  and  k 
gradually  efcapes  by  mere  expofure  to  the 
atmofphere. 

/ 

CHAP.  III. 

Of  Inflammable  Air . Of  Nitrous  Air,  and  the 
Method  of  difcovering  the  Purity  of  the 
Atmofphere. 

SPECIES  of  air  is  frequently  gene- 
rated  in  coal-mines,  which  is  inflam- 
mable. It  is  much  lighter  than  common  air, 
and  therefore  hovers  near  the  top  of  the  mine, 
fo  that  a candle  may  often  be  carried  with 
fafety  near  the  ground,  which,  if  raifed  to  the 
height  of  a few  feet  will  burn  with  an  enlarged 
flame,  and  fometimes  fet  fire  to  a vafl  mafs  of 
inflammable  air.  In  this  laid  cafe  the  explofion 
produces  very  terrible  effects. 

The  air  emitted  by  dirring  the  mud  at  the 
bottom  of  fome  {landing  waters  has  been 
found  to  be  inflammable.  Putrefcent  animal 
matters  emit  this  fluid,  as  has  been  obferved 
in  church-yards,  houfes  of  office,  and  fuch 

like 
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like  places,  and  the  flatus  alvi  of  animals  is 
inflammable.  The  upper  part  of  calks  filled 
with  water  from  the  Thames,  and  feveral 
other  rivers  into  which  much  fermentable 
matter  is  walhed,  contains  inflammable  air  after 
having  remained  clofed  for  fome  months,  as  is 
well  know  to  fea-faring  people.  And  the  ignis 
fatuus,  or  Will-with-the-wifp,  is  thought  to 
be  the  inflammable  air  which  is  emitted  from 
marlhy  places,  and  kindled  by  eledtricity. 

Inflammable  air  is  obtained  by  diftillation 
from  wax,  pitch,  amber,  coals,  and  many 
other  phlogiftic  fubftances ; and  the  quantity 
produced  is  much  greater  when  the*  heat  is 
fuddenly  applied.  The  flame,  which  accom- 
panies combuftion  in  moft  inftances,  feems  to 
be  produced  by  the  generation  and  confumption 
of  this  fluid.  It  is  not  ealy  in  the  prefent  ftate 
of  our  knowledge  to  determine  what  occafions 
the  difference  between  inflammable  andphlo- 
gifticated  air.  Perhaps  the  phlogifton  in  the 
former  may  be  more  weakly  united  to  its  bafe, 
and  therefore  be  better  adapted  to  form  that 
fudden  union  with  pure  air  in  which  combul- 
tion  feems  to  confiit. 
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The  moil  convenient  method  of  procuring 
inflammable  air  is  by  the  folution  of  metals. 
If  iron,  zinc,  or  tin,  in  fmall  pieces,  or  filings, 
be  covered  with  a fufficient  quantity  of  diluted 
vitriolic,  or  marine  acid,  in  the  retort  C or  E, 
fig.  134.  and  a candle  be  applied  to  the  bot-  . 
tom  of  the  retort,  the  folution  will  be  made 
with  confiderable  ebullition,  and  inflammable 
air  will  pafs  into  the  jar  B or  F. 

Like  all  other  inflammable  matters,  this 
air  requires  the  prefence  either  of  pure  air,  or 
of  nitrous  acid,  to  enable  it  to  burn.  Gun- 
! powder  may  be  fired  in,  or  the  eledlric  fpark 
may  be  paffed  through,  a quantity  of  inflame 
i mable  air,  without  producing  any  confides 
1 able  alteration  5 but  if  the  inflammable  air  be 
mixed  with  a certain  quantity  of  common  air, 
an  explofion  is  fure  to  follow  in  either  cafe. 

| Judging  by  the  found  of  the  explofion,  an 
equal  part,  or  rather  more,  of  atmofpherical 
air,  is  neceflary  for  the  inftantaneous  com- 
buftion  of  the  inflammable  air.  Any  confi- 
: derable  deviation  from  this  proportion  caufes 
the  explofion  to  be  lefs.  If  a candle  be  ap- 
plied to  the  mouth  of  a bottle  containing 
inflammable  air,  that  part  which  is  in  the 
Vol.  II,  A a neck, 
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neck,  being  mixed  with  common  air,  catches 
fire,  and  the  whole  burns  filently  away,  the 
external  air  probably  maintaining  the  eom- 
buftion  by  rufhing  into  the  bottle.  But  if  a 
mixture  of  dephlogifticated  and  inflammable 
air  be  fired,  theexplofion  is  aftonifhingly  ftrong. 

Inflammable  air  is  inftantly  fatal  to  animal 
life.  It  is  the  lighted;  fluid  yet  obtained  on 
the  furface  of  the  earth  in  the  mean  tempera- 
ture of  the  atmofphere ; being  eleven  times 
lighter  than  common  air,  or  8800  times 
lighter  than  water.  Notwithftanding  which, 
its  refractive  power  on  the  rays  of  light  is 
rather  greater  than  that  of  common  aii. 

If  the  nitrous  acid  be  applied  to  iron,  cop- 
per, mercury,  filver,  bifmuth,  or  nickel,  or, 
in  general,  to  any  kind  of  inflammable  fub- 
fiance  ; or,  if  aqua  regia  be  applied  to  gold  or 
regulus  of  antimony,  an  elaftic  fluid  is  pro 
duced,  which  is  known  by  the  name  of  nitrous 

air. 

A very  remarkable  phenomenon  takes  place 
upon  the  mixture  of  nitrous  air  with  the  com- 
moil  atmofpherical  air.  Immediately  upon  their 
jundtion,  a turbid  rednefs  appears,  which  is 
accompanied  with  heat.  This  is  evidently  fimi- 
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lar  to  the  effervefcences  of  denfe  fluids  } and 
when  it  has  ceafed,  the  bulk  of  air  is  found  to 
be  phlogifticated  and  diminifhed.  The  dimi- 
nution of  the  whole  mixture  does  not  confift  of 
an  equal  quantity  of  each  kind  of  air,  but  the 
refpirable  air  is  diminifhed  about  one-fourth, 
and  a quantity  of  nitrous  air  difappears,  which 
is  neceffary  to  produce  that  effed/t.  If  to  a given 
quantity  of  common  air  be  added  nearly  half 
its  bulk  of  nitrous  air,  the  whole  quantity  will 
be  diminifhed  to  three-fourths  of  the  original 
bulk  of  common  air,  and  any  farther  addition 
of  nitrous  air  will  only  produce'  an  equal  in- 
creafe  of  the  bulk  without  any  other  effedl. 

But  if,  on  the  contrary,  a fmali  quantity  of 
common  air  be  added  to  a larger  mafs  of 
nitrous  air,  the  whole  bulk,  after  the  effer- 
vefcence,  will  always  be  greater  than  the  ori- 
ginal bulk  of  nitrous  air.  In  thefe  experi- 
ments it  therefore  appears,  that  the  diminu- 
tion of  the  common  air  is  always  a proportional 
part  of  its  bulk}  but  that  the  diminution  of 
the  nitrous  air  bears  no  relation  to  its  own 

1 

bulk,  but  is  the  abfolute  fubtradtion  of  a quan- 
tity which  is  in  proportion  to  the  quantity  of 
common  air.  It  follows  eoniequently,  that  if 

A a 2 the 
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the  nitrous  air  be  infufficient,  or  only  equal, 
to  produce  the  whole  diminution,  it  will  in- 
tirely  difappear  ; and,  if  it  be  in  any  quan- 
tity more  than  fufficient,  the  quantity  which 
difappears  will  neverthelefs  be  in  all  cafes  the 
fame.  In  order  then  to  difcover  the  quantity 
of  the  diminution,  it  is  not  neceffary  to  employ 
the  precife  quantity  of  nitrous  air  which  is 
neceffary  to  faiurate  the  common  air,  but  only 
to  add  a known  quantity  which  is  known  to 
be  more  than  fufficient. 

Dr.  Prieftley  having  found  that  this  dimi- 
nution, by  means  of  nitrous  air,  is  of  the  fame 
nature  as  its  diminution  by  other  methods, 
has  very  happily  applied  it  as  a teft  of  the 
falubrity  of  the  different  fpecimens  of  refpir- 
able  air.  * For  we  have  already  remarked,  that 
air,  which  is  rendered  completely  noxious  by 
any  one  procefs,  cannot  be  farther  diminiffied 
by  any  other  3 and  in  the  application  of  this 
teft,  he  found,  that  the  quantity  of  the  dimi- 
nution is  always  greateft  in  thofe  airs  which 
are  the  moft  proper  for  refpiration  and  com- 
buftion ; that  is  to  fay,  the  moft  dephlogifti- 
cated.  Several  inftruments  have  fince  been 
invented  for  the  purpofe  of  making  extempo- 
raneous 
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raneous  experiments  of  this  nature,  and  are 
called  eudiometers  ; but  the  original  method 
of  the  inventor  has  the  advantage  of  Simpli- 
city, and  is  ealily  put  in  practice.  To  find 
the  purity  of  the  air  at  any  place,  nothing 
more  i>s  required  than  to  fill  a bottle  with 
water,  which  being  poured  out  at  the  given 
place,  is  replaced  by  an  equal  bulk  of  air  that 
may  be  corked  up,  and  carried  to  any  diftance. 
AB,  fig.  138.  is  a glafs-tube,  clofed  at  A, 
and  open  at  B.  Its  furface  is  graduated  into 
equal  parts  by  a diamond,  to  any  degree  of 
exactnefs.  This  being  filled  with  water,  and 
inverted  perpendicularly  in  the  tub  A,  fig. 
134.  a certain  meafure  of  the  air  to  be  tried, 
is  poured  into  it,  and  an  equal  meafure  of 
nitrous  air  is  afterwards  added.  By  means 
of  the  graduations  it  is  eafy  to  determine  the 
quantity  of  the  diminution,  which  may  be 
known  to  any  degree  of  exactnefs,  by  increas- 
ing the  length  of  the  tube,  and  confequently 
of  the  divifions  relatively  to  its  contents.  Dr. 
Prieftley,  in  Speaking  of  the  diminution,  ex- 
preffes  himfelf  concifely  in  integers  and  deci- 
mal parts.  Thus,  if  a mixture  of  equal  mea- 
sures of  nitrous  and  refpirajde  air,  after  the 
A a 3 effervefcence. 
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efFervefcence,  be  diminished,  fo  as  to  occupy  n« 
more  than  the  fpace  of  one  meafure  and  one- 
tenth,  he  fays,  the  meafure  of  the  ted  is  1.1. 
But  when  the  air  is  exceedingly  dephlogifti- 
cated,  he  adds  a greater  quantity  of  nitrous 
air. 

If  the  purity,  of  any  given  portion  of  air,  be 
as  the  diminution  it  Suffers  by  phlogidica- 
tion  5 and  if  the  quantity  of  nitrous  air  re- 
quired to  Saturate  it  be  likewife  in  the  fame 
proportion,  the  purity  of  air,  tried  by  nitrous 
air,  will  always  be  in  the  di-red  proportion  of 

1 

the  diminution  of  the  whole  mixture,  provided 
the  quantity  of  nitrous  air  added  be  more 
than  Sufficient  to  Saturate  it.  That  air  is  the 
pured  which  produces  the  greated  effeds 
during  the  time  of  its  phlogidication  ; namely, 
that  in  which,  ceteris  paribus,  animals  live 
longed,  or  the  greateft  quantity  of  a combui- 
tible  body  is  confumed. 

Nitrous  air  is  thought  to  confift  of  the  ni- 
trous acid,  rendered  permanently  eladic  by 
combination  with  phlogidon.  It  Seems  there- 
fore to  differ  from  inflammable  air  only  in  the 
jpature  of  its  acid ; and  when  mixed  with 
common  air  the  phlogidon  unites  with  the 

latter. 
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latter.  The  nitrous  acid  confequently  pre- 
cipitates in  its  proper  form,  occafioning  the 
turbid  rednefs,  and  communicating  an  acidity 
to  the  water,  over  which  the  experiment  is 
repeatedly  made. 

Nitrous  air  is  perfectly  noxious  both  to 
animals  and  vegetables,  and  is  incapable  of 
maintaining  combuftion.  It  unites  with  water, 
and  many  other  fluids,  and  produces  very 
curious  and  interefting  appearances,  which  the 
limits  of  this  treatife  do  not  permit  us  to  en- 
large on.  It  is  antifeptic,  and  is  fpecifically 
lighter  in  a fmall  degree  than  common  air. 


A a 4 
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CHAP.  IV. 


Of  Vitriolic  Acid  Air,  Marine  Acid  Air,  Ve~ 
get  able  Acid  Air,  Fluor  Add  Air , Alkaline 
Air,  and  the  Vapor  of  Nitrous  Acid. 

H E vitriolic  acid,  applied  to  charcoal. 


oil,  or  other  inflammable  fubftance, 
may  be  volatilized  by  heat,  and  converted 
into  a noxious  air,  which  is  diftinguifhed  by 
the  name  of  vitriolic  acid  air.  This  air  is 
readily  combined  with  water,  to  which  it 
gives  the  properties  of  the  volatile  or  fulphu- 
reous  vitriolic  acid.  It  is  neceffary  therefore, 
in  experiments  with  this  kind  of  air,  to  ufe  the 
apparatus  in  which  quickfilver  is  iubftituted 
inftead  of  water.  The  method  of  obtaining 

4 

the  vitriolic  acid  from  fulphur  feems  to  be 
nothing  elfe  than  the  impregnating  water 
with  this  kind  of  air. 

It  is  remarkable,  that  the  concentrated 
vitriolic  acid,  which  produces  vitriolic  acid 
air,  when  applied  to  feveral  metals,  lhould, 
when  diluted,  produce  a very  different  kind 
of  air  from  the  fame  metals,  namely,  inflam- 


mable 
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mable  air.  It  is  worth  enquiry  to  difcovcr 
what  the  produce  would  be  at  an  intermediate 
ftrength  of  the  acid. 

This  air  is  heavier  than  common  air,  and 
extinguifhes  flame.  It  diflolves  camphor,  de- 
prives borax  of  its  water  of  cryftallization, 
and  vitiates  common  air. 

If  the  marine  acid  be  expofed  to  heat,  it 
volatilizes  in  the  form  of  air,  not  being  con- 
denfible  by  mere  cold.  This  termed  the 
marine  acid  air,  and  the  marine  acid  is  no- 
thing elfe  than  water  more  or  lefs  impreg- 
nated with  it.  The  cheapefl:  and  bed:  method 
of  obtaining  this  air  is  by  diftillation  from 
common  fait  with  the  vitriolic  acid,  as  is  ufual 
in  procuring  the  marine  acid.  Common  fait 
being  put  into  the  bottle  C,  fig.  134.  a fmall 
quantity  of  vitriolic  acid  is  to  be  added, 
which,  attaching  itfelf  to  the  alkaline  bafe, 
difengages  the  marine  acid  in  form  of  air.  In 
the  open  air  this  acid  air  appears  in  the  form 
of  white  fumes,  which,  probably,  are  formed 
by  its  combination  with  the  vapors  in  the 
atmofphere;  but  the  bent  tube  D being  in- 
ferted  in  the  bottle,  and  its  other  end  beneath 
ajar  filled  with  quickfilver,  the  air  rifes  to  the 
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upper  part  perfeddly  tranfparent  and  clear.  In 
the  beginning  of  this  didillation  it  is  not  necef- 
fary  to  apply  heat. 

The  marine  acid,  which  is  obtained  by 
impregnating  water  with  this  air,  is  much 
dronger  than  any  which  is  procured  by  the 
ufual  method  of  didillation.  For,  as  the  pro- 
cefs  is  ufually  managed,  the  didillers  differ  a 
very  ccnfiderable  part  of  the  acid  to  efcape 
in  the  form  of  air,  for  want  of  applying 
water  with  which  it  might  combine.  But 
this  error  begins  to  be  attended  to  by  che- 
mids. 

Marine  acid  air  is  heavier  than  common 
air,  and  extinguiffies  flame.  It  diflolves  ice  as 
rapidly  as  a hot  Are.  It  decompol'es  fulphur, 
white  vitriol,  alum,  and  nitre,  and  therefore 
feems  to  be  dronger  with  refped:  to  affinity  than 
the  vitriolic  andnitrous  acids.  Perhaps  the  great 
affinity  between  this  air  and  water  may  neu- 
tralize or  faturate  it  fo  far  in  its  denfe  date,  as 
to  make  it  feem  weaker  than  thofe  acids.  It 
adds  upon  mod  phlogidic  fubdances,  and  be- 
comes converted  into  inflammable  air.  Many 
fluids  imbibe  it,  and  exhibit  phenomena  which 
deferve  to  be  conlidered. 
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The  concentrated  acetous  acid  affords  an 
air  by  heat  which  extinguifhes  a candle.  In 
fome  refpe&s  it  refembles  the  vitriolic  acid 
air,  but  differs  from  it  in  feveral  effential 
particulars. 

By  diftillation  with  oil  of  vitriol  from  the 
' minerals  called  fluors,  but  more  generally 
known  by  the  name  of  Derbyjhire  fpar,  is 

(obtained  an  acid  air,  which  may  be  confined 
by  quickfilver.  When  hot,  it  corrodes 
glafs.  Its  mod;  remarkable  property  is  that 
of  forming  a ftony  film  or  cruft  with  water. 
For  a great  part  of  this  air  is  readily  imbibed 
by  water,  at  the  fame  time  that  a ftony  matter 
is  precipitated,  and  forms  an  encruftation  on 
the  furface.  This  encruftation  is  foon  broken 
by  the  preffure  of  the  atmofphere,  which  for- 
ces the  water  upwards  into  the  jar,  as  the 
air  is  diminished  by  abforption,  but  the  water 
which  ruches  through  the  intejftices  is  imme- 
diately covered  with  a new  film  ; and  fo  on 
fucceftively  till  the  whole  air  has  intirely 
difappeared,  the  water  thereby  becoming  im- 
pregnated with  a very  volatile  acid.  This  air 
is  termed  fluor  acid  air. 
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Water  impregnated  repeatedly  with  this 
acid,  and  freed  from  the  earthy  cruft,  being 
heated,  was  found  to  yield  air,  which,  by 
every  examination,  appeared  to  poflefs  all  the 
properties  of  vitriolic  acid  air. 

For  thefe,  and  other  reafons,  Dr.  Prieftley 
is  induced  to  think,  that  the  fluor  acid  is  not 
a particular  acid,  but  is  the  acid  of  vitriol, 
charged  with  as  much  phlogifton  as  is  necef- 
fary  to  give  it  the  form  of  air,  and  alfo  with 
much  of  the  earthy  matter  of  the  fluor.  This 
air  extinguifhes  a candle. 

Volatile  alkali  may  be  rarefied  into  air  by 
heat,  which  is  diftinguifhed  by  the  name  of- 
alkaline  air.  It  muft  here  be  remembered, 
that  mild  or  concrete  alkali,  as  containing 
fixed  air,  is  lefs  proper  for  the  purpofe  than 
the  cauftic  alkali.  • For  the  fake  of  cheapnefs, 
fal  ammoniac  and  quick-lime  flaked,  may  be 
put  in  the  retort,  and  the  produce  by  heat 
will  be  the  volatile  alkali,  as  has  formerly  been 
obferved,  when  fpeaking  of  that  lubftance. 

Alkaline  air  readily  and  copioufly  combines 
with  water,  with  which  it  forms  a ftiong 

volatile  alkaline  fpirit.  It  diflolves  ice  as 

quickly 
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quickly  as  the  mod  intenfe  heat.  A very 
pleading  effect  takes  place,  if  it  be  mixed  with 
any  acid  air.  The  two  fluids  immediately 
unite,  forming  a neutral  fait,  whofe  aggrega- 
tion appears  like  a white  cloud,  Ailing  the 
receiver ; and  in  feveral  inftances,  when  the 
quantities  of  each  are  fuch  as  exactly  to  fatu- 
rate  each  other,  the  whole  elaftic  fluid  difap- 
pears  by  the  union.  With  fixed  air  it  forms 
a concrete  fait,  in  oblong  flender  cryftals ; 
with  vitriolic  acid  air  it  forms  vitriolic  am- 
moniac ; and  with  marine  acid  air,  common 
fal  ammoniac. 

Alkaline  air  is  flightly  inflammable.  The 
eledric  fpark,  taken  in  alkaline  air,  produces 
inflammable  air  ; and  the  quantity  or  bulk  is 
three  times  that  of  the  alkaline  air.  That  a 
fpecies  of  air,  which  is  totally  foluble  in  water, 
lhould,  by  the  elddtric  fpark,  be  rendered 
infoluble,  together  with  a very  confiderable 
change  in  its  other  properties,  is  a circum- 
fiance  which  well  deferves  to  be  enquired 
into ; as  its  explanation  cannot  fail  to  throw 
great  light  on  the  nature  of  thefc  fubftances. 

There  is  little  reafon  to  doubt  but  that  the 
nitrous  acid  might  be  exhibited  alone  in  the 

form 
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form  of  air*  if  any  fluid  could  be  difco'vered 
by  which  it  might  be  confined.  But  the 
vapor  of  nitrous  acid  unites  with  water  and 
with  oils,  and  corrodes  quickfilver.  Water 
impregnated  with  this  vapor  is  converted  into 
a fpirit  of  nitre.*  which  gradually  emits  a 
great  quantity  of  nitrous  air.-  Oils  impreg- 
nated with  it  emit  phlogifticated  air.  The 
vitriolic  and  marine  acids  may  be  impreg- 
nated with  this  acid  vapor.  The  vitriolic 
acid,  when  faturated,  becomes  cryftallized, 
and  the  fluid  part  is  found  to  be  the  nitrous 
acid.  But  the  marine  acid  is  converted  into 
the  beft  aqua  regia,  which  afforded  nitrous- 
air  by  heat;  The  impregnated  vitriolic  acid 
afforded  no  air. 

We  here  conclude  the  prefent  fedion  with- 
out attempting  to  fpeculate  upon  a fubjed, 
which,  though  of  late  years  it  has  been  fol- 
lowed with  an  attention  equal  to  its  import- 
ance, and  has  been  enriched  with  many  capi- 
tal difcoveries,  may  ftill  be  faid  to  be  in  em- 
brio.  The  greateft  advantages  may  be  ex- 
peded  to  fcience  from  an  examination  of  fub- 
ftances  in  a ffate  of  fuch  extreme  divilion  as 

is  neceffary  to  produce  the  form  ol  air.  Many 

have 


Conclujion . 


have  already  been  obtained,  and  the  nume- 
rous labourers  at  prefent  engaged  in  this  ample, 
and,  till  lately,  unexplored  region  ofchemif- 
try,  encourage  us  to  hope  for  great  things. 
Prudence  and  caution  ought  therefore  to  cor- 
rect and  guard  our  imaginations.  A few  years 
will  probably  enable  us  to  look  back  on  the 
prefent  infancy  of  our  knowledge,  and  fee  the 
futility  of  thofe  theories  which  we  are  too  apt 
to  regard  as  fome  of  the  greateft  efforts  of  the 
undemanding. 
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SECT.  III. 

Of  Electricity. 


CHAP.  I. 

Of  Electricity  ; and  the  Relations  that  fubfft 
between  it  and  different  Bodies. 

Electricity  is  that  branch  or 

department  of  natural  philofophy,  in 
which  the  appearances  occalioned  by  the  mo- 
tions or  adtion  of  the  eledtric  matter  are 
explained : it  is  alfo  ufed  to  imply  the  elec- 
tric matter  itfelf. 

The  ufual  method  of  procuring  or  excit- 
ing eledlricity  is  by  rubbing  a tube  or  cylinder 

of  glafs  with  the  hand,  or  a rubber  of  ioft 
„ leather. 


Method  of  procuring  Electricity. 


leather.  If  a tube  of  an  inch  and  half  in 
diameter,  and  about  three  feet  long,  be  rub- 
bed, by  drawing  the  hand,  or  a rubber  of 
leather,  from  one  end  to  the  other,  it  will 
become  eleCtric  j fmall  flafhes  of  divergent 
flame,  ramifled  fomething  like  trees  bare  of 
leaves,  will  dart  into  the  air  from  many  parts 
of  the  external  furface  of  the  tube,  to  the  dis- 
tance of  fix  or  eight  inches,  attended  with 
a crackling  noife ; and  Sometimes  Sparks  of 
more  than  a foot  in  length  will  fly  along  the 
tube  to  the  rubber.  While  the  tube  is  in  this 
flate,  it  attracts  light  bodies,  and  immedi- 
ately afterwards  repels  them ; and  does  not 
again  attract  them  until  they  have  touched 
Some  non  - eleCtric  body.  If  this  non- 
electric body  be  near  the  tube,  the  lio-ht 
body  will  be  alternately  attracted  and  repel- 
led for  many  viciflitudes.  If  any  non-elec- 
tric body  be  prefented  near  the  tube,  the 
eleCtric  matter  will  fly,  in  the  form  of  a fpark 
or  ray  of  fire,  from  the  tube  to  the  non- 
electric. 

With  refpeCt  to  the  eleCtric  matter,  all  bo- 
dies may  be  divided  into  two  clafles,  eleCtrics 
and  non-eleCtrics.  EleCtrics  are  thofe  bo- 
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dies,  any  part  of  whofe  furface  may  be  ren- 
dered eledtrical  by  fridtion  or  otherwife,  with- 
out communicating  the  fame  kind  of  electri- 
city to  any  other  part.  Non-eledtrics  are 
thofe  bodies  which  cannot  be  rendered  elec- 
trical by  friction  with  each  other  j and  if 
electrified  by  other  means  at  any  part,  the 
whole  of  the  body  exhibits  the  fame  kind  of 
eleCtricity.  The  latter  are  termed  conduc- 
tors. The  only  unequivocal  diftindtion  be- 
tween thefe  two  claffes,  or  at  leaft  the  ftrongeft 
and  molt  remarkable,  is,  that  the  non-eledtrics 
condudt  the  eledtric  matter  through  their  fub- 
ftance  without  any  fenfible  refinance,  where- 
as eleCtrics  do  not  conduCt.  In  the  ufuai 
temperature  of  the  atmofphere,  metallic  fub- 
itances,  water  and  charcoal  are  conductors : 
all  other  bodies  are  non-condudtors. 

A non-eledtric,  which  is  fupported  by 
eledtric  bodies,  is  faid  to  be  inful  a ted,  pro- 
vided it  do  not  touch  the  earth,  nor  any  one 
of  a feries  or  fet  of  non-eledtrics  in  contadt, 
which  touch  the  earth  in  any  part  of  the 
feries. 

If  the  excited  tube  be  brought  near  enough 
to  an  infulated  condudtor  to  give  fp ark's  to  it, 

the 
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the  conductor  will  be  eledrified,  and  exhi- 
bit the  fame  figns  of  attradion  and  repul- 
fion  ; and  if  the  finger,  or  any  other  uninfu- 
lated  non -eledric,  be  brought  near,  the  con- 
dudor  will  give  one  ftrong  fpark,  and  lofe  its 

eledrization.  This  follows  from  the  nature 

% 

of  a conduding  fubflance ; for  when  the  elec- 
tric matter  leaves  the  infulated  non-eledric, 
it  is  readily  conduded  to  the  place  of  exit, 
and  therefore  efcapes  all  at  once ; whereas  in 
the  tube,  when  a fpark  is  drawn,  it  is  much 
fmaller,  as  confiding  only  of  fo  much  eledric 
matter  as  is  within  the  ft ri king  diftance  from 
the  finger  : this  mufl  therefore  be  repeated 
at  every  other  part  of  the  tube  before  the  whole 
of  the  eledric  matter  can  be  drawn  away. 

No  experiments  have  yet  been  difeover- 
ed  to  fhew  in  what  particular  the  differ- 
ence between  eledrics  and  non-eledrics 
confifts  ; but  whatever  the  conduding  power 
may  depend  on,  it  feems  to  be  governed  by 
the  heat  of  the  body:  glafs,  refin,  baked 
wood,  and  many  other  non-condudors,  are 
condudors  when  made  very  hot.  Now,  as 
we  fee  like  phenomena  produced  in  diffe- 
rent bodies  with  very  different  degrees  of  heat. 
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for  example,  a fluid  ftate  is  produced  in  quick- 
filver  by  the  lead  heat,  in  ice  by  a greater,  in 
butters,  refins,  fulphurs,  metals,  and  glafs, 
by  degrees  ftill  increaflng,  and  very  different, 
why  may  it  not  be  conjectured,  till  decifive  ex- 
periments are  exhibited,  that  the  difpofition 
to  conduCt  electricity  is  produced  in  metals 
by  the  leaft  heat,  in  water  by  a greater,  and 
in  refins  and  glafs  by  degrees  ftill  greater  ? 
and  confequently  that  there  is  a certain  degree 
of  heat  at  which  a given  body  may  be  faid  to 
be  at  the  medium  between  perfeCt  con- 
ducting, and  non-conduCting,  above  which 
degree  it  becomes  a conductor,  and  beneath,  a 
non-conduCtor.  If  this  be  allowed,  it  muft 
follow,  that  conductors  are  bodies  whofe 
eleCtric  or  non-conduCting  ftate  is  placed  at 
a degree  of  heat  far  below  that  which  is  un- 
derftood  by  temperate,  and  that  non-conduc- 
tors are  thofe  whofe  conducting  ftate  is  placed 
at  a degree  of  heat  far  above  that  of  tem- 
perate. 

That  electricity  is  real  matter,  and  not  a 

mere  property,  is  evident,  becaufe  it  is  itfelf 

poffeffed  of  properties.  When  it  jumps  from 

one  body  to  another,  it  divides  the  air,  and 

puts 
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puts  it  into  thofe  undulations  in  which  lound 
confifls.  It  emits  the  rays  of  light  in  every 
direction,  and  thofe  rays  are  varioufly  refran- 
gible, and  colorific,  as  other  light  is.  Now, 
as  light  has  long  been  acknowledged  to  be 
matter,  it  is  contrary  to  reafon  and  experi- 
ence to  fuppofe,  that  the  thing  which  emits 

it  is  not  likewife  material.  Neither  are  the 

1 

other  fenfes  unaffected  at  its  prefence ; its 
fmell  is  ftrongly  phofphoreal  or  fulphureous* 
infomuch,  that  when  the  air  of  a room  is 
rendered  highly  eleCtric,  many  perfons  have 
complained  of.  an  unufual  and  difagreeable 
fenfation  in  the  head  from  that  caufe.  The 
fenfe  of  feeling  is  a witnefs  of  its  prefence,  not 
only  from  the  fparks,  which,  when  received 
from  the  conductor  of  a powerful  machine, 
are  very  pungent,  and  will  pafs  through  two 
or  three  perfons  Handing  on  the  ground,  but 
alfo  from  the  jfhock,  whofe  effects  are  to  be 
deferibed : and  a ftream  of  the  eleCtric  mat- 
ter received  on  the  tongue  has  an  evidently 

fubacid  tafte,  which  remains  fome  little  time 
after. 

As  the  exciting  a tube  is  very  laborious  for 
the  operator,  and  the  electricity  procured  by 
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that  means  is  fmall  in  quantity,  globes  or 
cylinders  are  much  more  ufed.  Thefe,  by  a 
proper  apparatus,  are  made  to  revolve  on 
their  axes  after  the  manner  of  a grindftone, 
and  a rubber  of  leather  is  applied  to  the  equa- 
torial parts  of  the  revolving  glafs,  which  be- 
come electrical  by  the  friction.  The  electri- 
city of  the  globe  is  received  by  a metallic 
conductor,  which  is  infulated  by  a glafs-foot, 
or  fupporter.  This  conductor  being  thus  con- 
flantly  electrified,  and  being  at  the  fame  time 
fteady  and  motionlefs,  is  much  better  adapted 
for  making  experiments  than  the  globe  itfelf. 

A cylinder  or  globe  thus  adapted  to  revolve 
on  its  axis,  and  provided  with  a rubber  and 
an  infulated  conductor,  is  called  an  eleCt'rical 
machine.  The  contrivances  for  the  revolu- 

• j 

t'ion  of  the  cylinder  or  globe  vary  in  different 
machines,  as  likewife  the  method  of  inflat- 
ing the  conductor.  The  conductor  is  in 
general  fupported  by  a flick  of  baked  wood  or 
glafs,  and  fometimes  it  is  Tufpended  by  filk- 
flrings. 
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CHAP.  II. 

Of  Excitation  ; of  the  two  different  States  of 
Electricity,  and  of  the  EffeCts  of  pointed  Non - 
eleCirics. 

TH  E excitation  of  electrics,  rubbed 
again  ft  each  other,  is  very  fmall.  - To 
produce  any  conftderable  degree  of  electricity, 
it  is  neceftary  that  the  rubber  fhould  be  a 
conducting  fubftance,  and  that  it  fhould  not 
be  infulated. 

If  the  rubber  of  an  eleCtrical  machine 
be  infulated,  and  the  conductor  uninfulat- 
ed  by  hanging  on  it  a chain  which 
communicates  with  the  earth,  the  rub- 
ber will  become  ftrongly  eleCtric  by  turning 
the  globe,  will  attract  and  repel  light  bodies, 
and  aCt  in  the  fame  manner  in  almoft  every 
particular  as  the  conductor  when  electrified  in 
the  ufual  method.  If  of  two  conductors, 

I feparately  infulated,  one  be  connected  with 
the  infulated  rubber,  and  the  other  placed 
near  the  globe,  lo  as  to  be  electrified  by  it, 
they  will  both  exhibit  figns  of  electricity ; but 
that  conductor,  which  is  electrified  by  the 
globe,  will  attraCt  thofe  bodies  which  are 
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repelled  by  the  other  condudtor  which  received 
its  eledtricity  from  the  rubber.  And  thefe 
conductors,  if  brought  near  each  other,  will 
emit  fparks,  and  adt  on  each  other  in  every 
refpedt  ftronger  than  on  other  bodies.  If  they 
be  brought  into  contadt,  the  eledtricity  of  the 
one  will  deftroy  that  of  the  other ; and  not- 
withftanding  the  eledtric  matter  appears  to 
emanate  from  the  globe  to  its  condudtor,  the 

•v. 

two  thus  conjoined  will  exhibit  few  or  no 
figns  of  eledtricity. 

We  have  hitherto  fpoken  of  the  eledtric 
matter  as  pafting  from  the  cylinder  to  the 
condudtor,  but  in  reality  the  fenfe  cannot 
diftinguifh  the  diredtion  in  which  it  moves.  If 
it  be  true,  that  the  eledtric  matter  paftes 
from  the  cylinder  to  the  condudtor,  the  con- 
dudtor mu  ft,  when  eledtrified,  poffefs  a greater 
quantity  than  is  natural  to  it  and  fince  the 
cylinder  is  not  excited  by  an  infulated  rubber, 
it  is  evident  that  it  receives  its  eledtricity  from 
the  rubber,  and  confequently,  unlefs  the  rub- 
ber be  at  liberty  to  receive  an  equal  quantity 
from  the  earth,  that  is,  unlefs  it  be  uninfulated, 
it  can  part  with  but  a very  finall  quantity  to  the 
cylinder.  Still  retaining  the  fame  fuppofition 


or 
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refpeCting  the  courfe  of  the  eleCtric  matter, 
it  follows  that  the  rubber  when  infulated  muft 
lofe  a part  of  its  natural  quantity  by  friction 
with  the  cylinder,  and  confequently  a con- 
ductor communicating  with  it  muft  be  nega- 
tively electrified.  It  is  not  therefore  fo  much 
to  be  wondered  at,  that  the  aCtions  of  the  two 
conductors  fhould  be  contrary,  and  that 
when  in  contaCt  they  fhould  exhibit  no  figns 
of  electricity ; for  the  cylinder  at  the  fame 
inftant  that  it  imparts  the  eleCtric  matter  to 
one  conductor,  exhaufts  an  equal  quantity 
from  the  other,  which  is  connected  with  the 
rubber.  If  the  direction  of  the  eleCtric 
matter  be  fuppofed  to  be  contrary  to  what  we 

have  aftiimed,  the  effeds  mud  (till  be  the 
fame. 

The  circumftance  on  which  the  prevail- 
ingopinion  concerning  this  direction  is  founded 
is,  that  if  the  conductor,  which  derives  its 
electricity  from  the  cylinder,  be  made  fiharp  or 
angular  at  any  part,  which  is  not  very  near 
the  cylinder,  a diverging  cone  of  eleCtric 
light  will  be  feen,  whofe  vertex  is  the  point 
itfelf,  and  the  eleCtric  phenomena  will  be 
much  diminiftied.  ^ But  the  conductor,  which 
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is  conneded  with  the  rubber,  though  its 
effeds  be  equally  diminifhed  by  a fimilar  cir- 
cumdance,  will  never  exhibit  the  cone  of 
rays,  but  is  only  tipped  at  the  point  with  a 
fmall  globular  body  of  light.  The  cone  has 
been  thought  to  refemble  the  rufhing  out  or 
emitting  of  the  eledric  matter,  and  the  globe 
has  been  imagined  to  anfwer  the  appearance 
of  the  imbibing  or  entrance  of  the  fame; 
■whence  the  name  of  pofitive  eledricity  has 
obtained  for  that  of  the  cylinder,  and  negative 
for  that  of  the  rubber.  We  fhall  ufe  the 
terms  in  the  fame  fenfe,  though  it  mud  be 
confeffed,  that  the  propriety  of  their  applica- 
tion is  dill  doubtful. 

If  eledricity  be  produced  by  the  excitation 
of  a globe  or  cylinder  of  fulphur  or  refin,  the 
dates  will  be  reverfed ; the  rubber  will  be 
podtive,  and  the  cylinder,  with  its  condudor, 
will  be  negative.  This  was  formerly  thought 
to  depend  on  the  nature  of  the  eledric  body, 
and  the  two  dates  of  eledricity  were  didin- 
guifhed  by  the  names  of  vitreous  and  refinous 
eledricity,  but  it  has  fince  been  difeovered, 
that  the  difference  arifes  from  the  relative 
fnaoothnefs  of  the  furfaces  of  the  eledric  body 

and 
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and  its  rubber  when  compared  with  each 
other. 

. 1 

It  feems  to  be  a rule,  that  the  fmootheft  of 
the  two  bodies  obtains  the  pofitive  ftate. 
Baked  wooden  cylinders,  with  a fmooth  rub- 
ber of  oiled  lilk,  become  negative,  but  with  a 
rubber  of  flannel  pofitive.  Glafs,  made  rough 
by  grinding  with  emery,  excited  with  new 
loft  flannel,  is  negative,  but  with  dry  oiled 
filk,  rubbed  with  whiting,  pofitive ; but  if 
the  glafs  be  fmeared  with  tallow,  and  wiped 
with  a cloth,  then  the  oiled  filk,  by  rubbing, 
becomes  polifhed,  and  the  tube  becomes 
negative,  as  at  firft ; if  the  oiled  filk  be  again 
rubbed  with  whiting,  it  excites  a pofitive 
ilate  on  the  greafed  tube ; but  when  the  filk 
has  again  acquired  a polifh,  the  tube  becomes 
again  negative.  Even  polifhed  glafs  may  be 
rendered  negative  by  rubbing  with  the  hairy 
fide  of  a cat’s  fkin. 

The  rubber  in  the  common  electrical  ma- 
chine is  ufually  covered  with  an  amalgama  of 
mercury  and  tin,  and  the  leather  is  damped 
occafionally.  Thefe  provifions  augment  the 
' excitation  very  mnch.  It  feems  as  if  the 
^ amalgama  or  metallic  rubber,  being  a perfect 

conductor* 
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conductor,  fupplied  the  cylinder  more  readily 
with  the  electric  matter  than  any  other  body. 
The  precaution  of  damping  is  to  keep  the 
rubber  more  perfectly  uninfulated. 

( It  is  a maxim,  that  bodies  poffeffed  of  fimilar 
and  equal  hates  of  electricity,  repel  each  other ; 
that  bodies  pofTefTed  of  oppofite  hates  of 
electricity,  attract  each  other;  and  that 
bodies  in  a mean  or  natural  hate  are  at- 
tracted by  all  eleCtrified  bodies  whatever. 
But  as  we  have  no  clear  conception,  or  ade- 
quate idea,  of  any  mechanical  procefs  by 
which  attraction  may  be  caufed,  all  our 
reafoning  on  the  fubjeCt  muft  be  not  only 
hypothetical,  but  vifionary,  for  want  of 
probable  grounds  to  proceed  on.  Yet,  if  ever 
we  fhould  arrive  at  an  explication  of  this  pro- 
perty of  matter,  whofe  origin  at  prefen t is  fo 
little  underltood,  we  have  great  reafon  to 
think  that  it  will  be  in  confequence  of  elec- 
trical difcoveries. 

Speaking  of  the  pofitive  and  negative 
conductors,  it  was  obferved  that  electricity 
was  emitted  or  imbibed  at  the  angular 
or  pointed  parts.  It  is  necehary  to  advert 
again  to  that  particular.  If  the  infulated 

conductor 
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condudor  of  a machine,  ufually  called  the 
prime  condudor,  be  well  poliflied,  and 
without  corners  or  angles,  it  will  retain  its 
electric  date  very  well,  and  will  emit  drong 
fparks  upon  the  approach  of  any  uninfulated 
conductor.  If  the  uninfulated  condudor  be 
broad,  round  and  polifhed  at  the  end,  the 
fparks  will  be  fhort  and  denfe,  and  will  pro- 
duce a confiderable  found ; if  the  condudor 
be  lefs  broad,  ceteris  manentibus , the  fpark  will 
be  long,  crooked,  and  lefs  founding;  if  the 
breadth  be  dill  more  diminifhed,  the  conduc- 
tor begins  to  come  under  the  denomination  of 
a pointed  body,  the  eledric  matter  pafies  to  it 
from  the  prime  condudor,  thro’  a great  fpace 
of  air  with  a hiding  or  rudling  noile,  and  in  a 
continual  dream  : a ftill  greater  diarpnefs  en- 
ables the  eledricity  to  pafs  over  a greater  fpace, 
but  lilently,  and  nothing  is  feen  but  a fmall 
light  upon  the  point.  If  a fimilar  point  ilfue 
from  the  prime  condudor,  and  the  uninfu- 
lated condudor  be  round  and  polifhed,  the 
fame  effeds  happen  in  like  fituations  ; but  if 
both  be  pointed,  the  eledricity  is  more 
readily  difcharged  : and  in  all  cafes  the  ap- 
pearance of  the  eledric  matter  at  the  point  of 

the 
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the  prime  conductor  will  be  that  which  is 
peculiar  to  its  electricity,  a large  divergent 
cone  if  pofitive,  or  a fmall  globular  light  or 
cone  if  negative,  and  the  light  at  the  point 
prefented  to  the  prime  conductor  will  be  dif- 
tin&ive  of  the  contrary  ele&ricity.  Whether 
a pointed  conductor  be  electrified  pofitively 
or  negatively,  if  the  nofe  be  brought  near  the 
point  during  the  electrization,  a gentle  air 
will  be  felt  blowing  from  the  point,  and  the 
fenfe  will  be  affeCted  with  a fulphureous  or 
phofphoreal  fmell. 

The  reaction  of  the  force  by  which  the  air 
is  put  into  motion,  is  exerted  on  the  pointed 
body.  This  is  fhewn  by  a pleafing  experi- 
ment with  an  electrified  wire,  thus ; to  the 
middle  of  the  wire,  or  rather  between  two 
wires  that  lie  in  the  fame  line,  is  affixed  a 
center-cap  like  thofe  ufed  in  fea- compares, 
fo  that  the  wire  may  eaffiy  be  moved  on  a 
point  in  an  horizontal  direction,  as  magnetical 
needles  are ; and  the  ends  of  the  wire  are 
pointed  and  bent  contrary  ways  to  point  in 
the  direClion  of  the  tangent  to  the  circle 
deferibed  by  them.  Now  if  this  wire  thus 

fufpended  on  a point,  be  infulated  and  electri- 
fied. 
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fied,  its  fharp  ends  will  become  luminous, 
and  it  will  revolve  in  a direction  contrary  to 
that  in  which  its  ends  are  bent;  or  if  it  be 
fufpended  on  an  uninfulated  point,  and  brought 
near  the  electrified  prime  conductor,  the  fame 
effeCt  will  follow. 

Thefe  are  the  chief  phenomena  that  accom- 
pany the  ele<ftrization  of  pointed  conductors, 
and  are  as  yet  but  very  imperfectly  under- 
ftood.  The  facility  with  which  pointed 
bodies  emit  or  receive  the  eleCtric  matter  feemfi 
to  depend  on  a circumftance  which  we  have 
not  yet  explained,  namely  the  difturbance 
which  the  approach  of  an  electrified  body 
makes  in  the  eleCtric  matter  naturally  refid- 
ing  in  or  near  any  conductor,  before  any 
communication  enfues.  We  fhall  therefore 
again  advert  to  the  fubjeCt  of  points  when  we 
deferibe  that  property,  and  in  the  mean  time 
it  will  not  be  difficult  to  account  for  the  other 
appearances  on  the  ground  of  the  matter  of 
faCt  only,  namely,  that  points  do  readily  emit 
or  imbibe  the  eleCtric  matter. 

It  may  be  thought  ftrange  that  the  air 
i fhould  illue  from  an  electrified  point,  whether 
1 its  electricity  be  pofitive  or  negative.  We 
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can  eafily  conceive  that  theiffuing  out  of  the 
eledtric  matter  may  caufe  the  air  to  move  in 
the  fame  direction,  but  it  appears  ftrange, 
that  the  eledtric  matter  ruffiirig  towards  a 
point  fhould  caufe  the  air  to  move  diredtly 
contrary,  th^t  is  to  fay,  likewife  from  the  point. 
But  if  the  circumftance  be  examined  more 
narrowly,  the  difficulty  will  vaniffi.  For  it 
is  highly  probable  that  the  eledtric  matter 
paffes  too  fwiftly  to  excite  any  motion  in  the 
air  but  that  of  fonoriferous  undulation ; to 
which  we  may  add,  that,  if  the  eledtric 
matter  do  adt  on  the  air  to  put  it  in  motion, 
the  air  muft  readt  with  an  equal  force ; and 
therefore  that  a current  of  air  blown  againfl  the 
courfe  of  the  eledtric  matter  muft  affedt  its  ap- 
pearance, by  retarding  the  rays  and  defledting 
thofe  againft  which  if  ftruck  obliquely : the 
contrary  to  which  is,  by  experience,  known 
to  obtain ; for  the  luminous  cones  are  not 
fenfibly  affedted  by  fuch  treatment.  The 
air  being  thus  indifferent  as  to  the  motion  of 
the  eledtric  matter,  -its  motion  may  be  fhewn 
to  depend  on  the  eftablifhed  principles  of 
eledtricity.  The  point  is  eledtrified  either 

pofitively  or  negatively,  and  the  air,  immedi- 
ately 
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ately  oppofite  and  contiguous  to  the  point, 
mud,  by  the  emiffion  or  exhaudion  of  the 
eleCtric  matter,  become  drongly  podeded  of 
an  eleCtric  date  of  the  fame  kind  with  that  of 
the  point : it  is  therefore  repelled  and  replaced 
by  other  air  which  is  alfo  eleCtrided  and  re- 
pelled, by  which  means  a condant  dream  is 
produced  blowing  from  the  point,  and  that 
equally  whether  the  electrization  be  podtive  or 
negative.  And,  as  aCtion  and  reaction  are  equal 
and  contrary,  the  point  repelling  the  air  mud 
itfelf  alfo  be  equally  repelled  in  the  contrary 
direction  ; whence  the  horizontal  wire  above 
defcribed  is  turned,  and  that  always  one  way, 
namely,  contrary  to  that  in  which  the  air  is 
moved,  or  to  the  direction  of  its  bent  points. 


Air  is  a Non- conductor. 


CHAP.  III. 

Of  the  Courfe  of  the  Rlediric  Matter  through 
the  common  Air , and  through  Air  very 
much  rarefied , with  a Defcription  of  an 
Rledirical  Machine . 

* 

TH  E air,  being  a non-condudtor,  muft 
be  clafted  among  eledtric  bodies,  and 
the  prime  condudtor  of  an  eledtrical  machine 
being  furrounded  with  air  retains  its  eledtric 
ftate  much  better  than  it  would  do  without 
that  circumftance.  For  the  eledtric  matter 
cannot  pafs  to  or  from  the  condudtor  with 
the  fame  facility  as  if  this  impermeable 
fubftance  were  not  interpofed. 

When  air  is  fpoken  of  as  impermeable  and 
eledtric,  it  muft  not  be  underftood  as  being 
perfectly  fo,  there  being  perhaps  no  body  in 
nature  that  anfwers  that  definition,  but  as 
being  moftly  compofed  of  non-condudting 
parts.  There  is  always  moifture  enough  in 
the  air  to  reftore  the  natural  ftate  to  eledtri- 
fied  bodied  in  41  few  hours.  It  is  like  wife 

perme- 
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permeable,  as  all  other  eledtrics  are,  by  the 
force  of  the  eledtric  matter  which  divides  it 
or  feparates  its  parts : when  this  happens  to 
a l'oiid  eledtric,  a hole,  is  made  through  it. 

Long  fparks  are  always  crooked  in  various 
manners  like  lightning  ; the  caufe  of  which 
feems  to  be,  that  the  eledtric  matter  palfes 
through  thofe  parts  of  the  air  in  which  the 
bed:  conductors  are  found.  Indeed  there  is 
reafon  to  think  that  eledtricity  always  requires 
a condudtor  to  enable  it  to  pafs  from  one 
body  to  another.  For  if  a glafs  lyphon,  whole 
legs  are  equal,  and  refpedtively  more  than 
thirty  inches  long,  be  filled  with  boiling 
mercury,  and  the  ends  inverted  into  bafons 
likewife  containing  mercury,  a double  baro- 
meter will  be  formed  whofe  ypper  or  arched 
part  will  be  abfolutely  void  of  air.  Then  if 
one  of  the  bafons  be  infulated  and  eledtrified, 
the  eledtricity  will  not  pafs  from  the  mercury 
in  one  leg,  through  the  void,  to  that  in  the 
other ; but  upon  admitting  a fmall  bubble  of 
air  it  is  immediately  feen  palling  through  the 
vacant  fpace  in  the  form  of  bright  flafhes  of 
flames.  In  the  vacuum  of  the  air-pump  the 
eledtric  matter  will  pafs  and  appear  luminous 

C c z between 
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between  conductors,  how  diftant  foever,  form- 
ing a beautiful  appearance,  that  very  much 
refembles  the  northern  lights  or  aurora- 
borealis.  It  feems,  on  confideration  of  thefc 
circumftances,  that  the  eledtric  matter  could 
not  pafs  through  the  abfolute  void,  for  want 
of  a condudtor,  but  that  the  conducting  part 
of  the  air  introduced,  anfwered  the  purpofe, 
while  the  refinance  of  the  eledtric  part,  being 
very  fmall,  on  account  of  the  rarefadtion,  buf- 
fered it  to  pafs  from  one  condudtor  to  another 
through  much  greater  fpaces  than  it  can  pafs 
through  in  the  open  air. 

This  opinion  is  fomewhat  more  confirmed 
by  the  obfervation  that  the  eledtric  matter 
forces  conducting  bodies  into  its  path.  If  a 
drop  of  water  be  laid  on  the  prime  condudtor, 
very  long  fparks  may  be  drawn  from  it,  the 
drop  will  affume  a pointed  or  conical  fhape, 
and  wet  bodies  which  are  held  near  it: 
a proof  that  the  water  is  thrown  off.  If  the 
fame  experiment  be  made  with  melted  fealing- 
wax,  the  appearance  is  very  peculiar  and 
amufing.  The  fealing-wax  mult  be  dropped 
on  or  ftuck  to  the  fide  of  the  prime  condudtor, 
and  afterwards  melted  with  a candle;  then  if 

the 
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the  conductor  be  pofitively  electrified,  the 
drop  of  wax  becomes  pointed  and  {hoots  an 
almofl  invifibly  fine  thread  into  the  air  to  the 
diftance  of  more  than  a yard.  This  thread  is 
eledtrical,  and  would  probably  be  longer,  were 
it  not  for  the  fudden  cooling  of  the  wax.  Whe- 
ther the  fame  effed  would  follow  on  negative 
* electrization  is  worth  the  enquiry,  but  the  want 
of  a convenient  and  ftrong  negative  power  has 
prevented  the  writer  of  this  work  from  trying 
it.  It  is  obfervable  that  the  long  fparks 
abovementioned,  with  the  drops  of  water,  are 
not  feen  when  the  drop  is  negatively  electri- 
fied, a light  only  appearing  at  the  point  of 
the  drop.  But  as  the  methods  ufed  in  the 
experiment  did  not  produce  a negative  hate 
as  ftrong  as  the  pofitive  one,  the  conftancy 
of  the  effeCt  requires  to  be  confirmed  by  more 
favorable  experiments.  Thus  much  is  faCt, 
that  the  fame  drop  of  water  which  when  laid 
on  a cylinder  of  metal,  and  connected  with  the 
pofitive  prime  conductor,  emitted  fparks  five 
or  fix  inches  long,  did  not  produce  the  leafl 
fpark  when  uninfulated  and  held  near  the 
prime  conductor,  but  drew  off  the  electricity 
exactly  as  a metallic  point  would  have  done. 

C c 3 Thus 
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Thus  much  of  the  properties  of  eleCtric 
and  non-eleCtric  bodies  being  premifed,  we 
fhall  be  able  to  give  an  intelligible  account  of 
the  conftruCtion  of  the  electrical  machine.  As 
the  forms  of  glafs  cylinders,  globes  or  fphe- 
roids,  the  mechanifm  by  which  their  rotation 
is  effected,  the  pofition,  fhape  and  matter  of 
the  rubber,  and  the  form  and  mode  of  inf- 
lating the  prime  conductor,  are  all  fufceptible 
of  great  variations,  fo  the  conftruCtion  of 
eleCtric  machines  has  been  very  different,  ac- 
cording to  the  views  and  opinions  of  the 
jnakers. 

The  beft  and  molt  elegant  machine  (fig.  139.) 
confifls  of  a pillar  of  mahogany,  a,  ftanding 
upright  on  three  feet.  This  pillar  divides  in 
two  places,  to  receive  a wheel,  b,  in  the 
lower  part  of  it,  and  in  the  upper  part  a 
pulley,  c,  which  is  turned  by  a leathern  ftrap, 
d,  tightened  by  means  of  a fmall  buckle.  In 
the  center  of  the  pulley  is  a ftrong  iron 
fpindle,  turning  in  two  firm  brafs  fockets 
fattened  to  the  pillar.  In  one  of  the  fockets 
the  extremity  of  the  fpindle  turns  upon  a 
center,  by  means  of  a piece  of  iron,  e,  fcrewed 
into  it,  while  the  other  is  held  tight  by  a brafs 

clafp, 
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clafp,  which  may  be  made  to  hold  it  clofer, 
or  more  loofely,  at  pleafure,  by  means  of  a 
fcrevv.  The  iron  lpindle  is  made  hollow,  in 
the  form  of  a parallelopiped,  in  order  to  receive 
a piece  of  brafs  or  iron,  in  which  the  brafs 
cap  that  holds  the  globe,  g,  terminates.  Thefe 
are  exadtly  fitted  to  one  another,  and  by  this 
means  any  globe  may  be  taken  oot,  and 
another  put  into  the  machine,  with  very  little 
trouble,  if  thefe  parts  be  always  made  to  the 
fame  pattern. 

The  globe  has  its  neck  cemented  into  a 
brafs  cap,  which  terminates  in  a fquare  piece 
of  iron  as  abovementioned. 

The  rubber,  h,  confifts  of  a hollow  piece  of 
copper,  filled  with  horfe-hair  and  covered 
with  bafil  leather.  This  is  again  covered 
with  dry  oiled  fiik,  which  is  fewed  to  that 
edge  of  the  leather  towards  which  the  parts 
of  the  globe  move  in  revolving.  Towards 
the  other  edge  the  filk  is  confiderably  longer 
than  is  neceffary  to  cover  the  rubber,  and 
that  part  of  the  filk  which  covers  the  rubber 
is  to  be  rubbed  with  the  amalgarrja  of  tin  and 
mercury,  mixed  with  a fmall  quantity  of  bees- 
wax and  tallow.  The  ufe  of  that  part  of  the 
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filk  Which  hangs  out  beyond  the  furface  of 
the  rubber,  is  to  prevent  the  eledtric  matter 
from  returning  back  to  the  rubber  along  the 
furface  of  the  globe : for  when  the  globe  is 
excited,  this  pendant  filk  is  attracted  and 
adheres  clofely  to  its  furface,  and  prevents 
thofe  returning  fparks  and  corufcations  which 
are  continually  emanating  from,  and  diminilh- 
ing  the  electricity  of  a naked  globe.  The 
effects  feem  to  be  more  than  twice  as  great  by 
the  ufe  of  this  contrivance.  The  rubber  is 
fupported  by  a focket  which  receives  the 
cylindrical  axis  of  a round  and  flat  piece  of 
baked  wood  or  glafs,  j,  the  oppoflte  part  of 
which  is  inferted  into  the  focket  of  a fteel 
fpring,  i.  Thefe  parts  are  ealily  feparated,  fo 
that  the  rubber,  or  the  piece  of  wood  or  glafs 
which  ferves  to  infulate  it,  may  be  changed  at 
pleafure.  The  rubber  may  be  uninfulated  by 
means  of  the  chain  k,  which  forms  a commu- 
nication between  it  and  the  fpring ; and  the 
fpring  may  be  made  to  prel's  more  or  lefs  by 
the  fcrew  1.  It  may  alfo  be  raifed  higher  or 
lower,  to  fuit  globes  of  different  flzes,  by 
means  of  a contrivance  not  reprefented  in  the 
plate. 
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The  prime  conductor,  m,  is  a hollow  vef- 
fel,  of  polifhed  copper,  in  the  form  of  a pear, 
fupported  by  a pillar,  and  a firm  bafis  of 
baked  wood,  and  receives  its  electricity  by 
means  of  a long  arched  wire  or  rod  of  very 
foft  brafs,  n,  eafily  bent  into  any  ill  ape, 
and  railed  higher,  or  let  lower,  as  the 
globe  may  require.  It  is  terminated  by  an 
open  ring,  in  which  are  hung  fome  fharp 
pointed  wires,  o,  playing  lightly  on  the  globe 
when  it  is  in  motion.  The  body  of  the 
conductor  is  furnilhed  with  holes  and  fockets, 
for  theinfertion  of  metallic  rods,  to  convey  the 
electricity  wherever  it  is  wanted,  and  for 
many  other  purpofes  convenient  in  a courfe 
of  experiments.  The  peculiar  lhape  of  this 
conductor  renders  it  the  molt  capable  of  re- 
taining its  electric  ftate ; for,  in  the  common 
conductors,  which  are  cylinders,  with  hemi- 
fpherical  ends,  the  eleCtricity  has  a greater 
tendency  to  efcape  at  the  part  which  is  molt 
diftant  * from  that  at  which  it  receives  its 
eledtric  Itate : this  therefore,  being  more 
obtufe  at  the  moft  diftant  part,  is  lefs  dif- 
pofed  to  emit  or  imbibe  the  ekCtric  matter  at 
* Or  rather,  perhaps,  from  the  excited  globe. 
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that  part;  and  confequently,  the  difpofition 
arifing  from  the  figure  being  contrary  to  that 
which  is  produced  by  the  fituation,  it  becomes 
as  little  difpofed  to  part  with  its  eledric  date 
by  that  part  as  by  any  other.  And  if  the 
generating  curve  be  properly  adapted,  the 
nitency  of  the  eledric  matter  to  influx  or 
emiffion  muft  be  equal  at  every  point  of  the 
furface.  The  eledromer,  rp,  was  invented  by 
Mr.  Lane.  It  confifts  of  a ball,  p,  which,  by 
means  of  a wire,  whofe  furface  is  cut  into 
a fine  feries,  and  is  inferted  through  the  head 
of  a pillar  of  conduding  matter,  is  carried 
nearer  to  or  farther  from  the  prime  conduc- 
tor, and  ferves  to  meafure  the  diftance  to 
which  fparks  are  emitted.  This  diftance  is 
ihewn  by  the  divifions  on  the  plate  r. 

When  negative  eledricity  is  defired,  the 
chain  k muft  be  removed  from  the  rubber, 
and  hung  upon  the  prime  condudor,  fo  as  to 
conned  it  with  the  table;  and  a fhort  brafs- 
rod,  with  a knob  at  the  end  of  it,  muft  be 
fcrewed  into  a fmall  locket  in  the  rubber, 
above  the  plate  of  baked  wood  or  glafs. 
The  brafs-rod  will  then  ferve  for  a ne- 
gative prime  condudor;  for,  in  this  fitua- 

tion, 
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tion,  when  the  wheel  of  the  machine  is 
turned,  this  rod  being  infulated,  together* 
with  the  rubber,  through  which  all  the  elec- 
tricity palTes  to  the  globe,  will  receive  fparks 
from  any  uninfulated  non-eledtric  which  is 
prefented  to  jt,  and  therefore  electrify  ne- 
gatively. 


CHAP. 
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CHAP.  IV. 

Of  the  EleCtricity  which  is  produced  by  bring - 
mg  a Conductor  near  the  electrified  Prime 
CoMliCtor ; and  of  charging  and  difcharging 
EleCiric  Plates. 

IF  an  infulated  conductor,  which  is  free 
from  points,  be  brought  within  a certain 
diftance  of  the  prime  conductor  in  an  elec- 
tric ftate,  it  will  alfo  exhibit  figns  of  elec- 
tricity of  the  fame  kind ; but  if  thofe  figns 
be  removed,  by  taking  the  fpark,  and  the  con- 
ductor taken  from  the  prime  conductor,  it 
will  exhibit  ligns  of  the  contrary  electricity. 
This  is  a very  remarkable  phenomenon,  but 
may  be  accounted  for,  if  the  two  fuppofi tions 
be  admitted,  viz.  firft,  that  the  eleCtric  mat- 
ter is  attracted  by  conducting  bodies  ■,  and 
fecondly,  that  the  parts  of  the  eleCtric  matter 
mutually  repel  each  other,  the  forces  of  each 
power  being  in  a certain  inverted  ratio  of  the 

diftance. 

For  the  eleCtric  matter  in  an  infulated  and 

uniform  conductor  will  then  be  equally  dif 

fufed 
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fufed  through  its  whole  mafs,  and  the  attrac- 
tion which  that  conductor  will  exert  on  any 
mafs  of  electric  matter  prefented  ab  extra 
muff  be  the  excefs  of  the  attractive  force  of 
the  body  over  the  repullive  force  of  the  elec- 
tricity it  contains.  Whence  a given  conduc- 
tor will  attract  the  eleCtric  matter  the  moil 
powerfully  when  the  quantity  it  already  pof- 
feifes  is  the  lead  poflible,  and  its  attractive 
force  will  decreafe  as  it  becomes  more  fatu- 
rated  with  electricity.  Let  two  equal  con- 
ductors, compofed  of  like  matter,  be  brought 
within  a fmall  diitance  of  each  other,  then, 
if  the  quantities  of  eleCtricity  they  contain  are 
equal,  the  attractions  they  mutually  exert  on 
thole  quantities  will  be  equal,  and  it  will 
remain  undiiturbed  in  each  body.  But  if  one 
conductor,  A,  contain  more  eleCtricity  than  the 
other,  B,  the  attractive  power  of  B will  be 
greated,  and  will  draw  the  eleCtric  matter 
from  A till  an  equilibrium  is  obtained.  It 
follows  alfo,  that  in  a number  of  conducting 
bodies,  communicating  with  each  other,  the 
eleCtric  matter  will  be  every  where  of  the 
fame  denfity,  if  the  greated  attractive  force  of 
the  bodies  be  fuppofed  equal ; but  if  different 

bodies 
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bodies  be  fuppofed  to  attract  the  eleCtric 
matter  with  different  forces,  as  is  mod  pro- 
bable, the  den fi ties  muft  vary  with  the  forces. 
This  may  be  called  the  natural  ftate. 

To  apply  this  to  the  particular  inftance 
above-recited,  fuppofe  the  end  of  an  infu- 
lated  conductor  to  be  brought  near  the  prime 
conductor  in  a pofitive  ftate,  the  attractive 
power  of  the  firft-mentioned  conductor  is 
greater  than  that  of  the  prime  conductor,  yet, 
not  being  fufHcient  to  draw  fparks,  at  the  given 
diftance,  the  only  effeCt  it  can  produce  is,  to 
make  the  eleCtric  matter  accumulate,  and  be- 
come more  denfe  in  that  part  of  the  prime  con- 
ductor near  which  it  is  prefented  ; by  which 
accumulation  the  reft  of  the  prime  conductor 
becomes  lefs  electrified,  as  experience  teftifies. 
This  accumulated  body  of  electricity  repels, 
and  confequently  rarefies  the  eleCtric  matter 
naturally  contained  in  that  end  of  the  con- 
ductor, which  is  prefented  to  the  prime  con- 
ductor ; the  reft  of  the  fluid  becomes  more 
denfe,  and  the  other  parts,  of  the  conduc- 
tor which  is  prefented,  exhibit  figns  of  elec- 
tricity; yet,  as  this  conductor  in  the  whole 
contains  no  more  than  its  natural  quantity,  if 

the 
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the  eledric  ffate  be  taken  off  by  drawing  the 
fpark,  and  it  be  afterwards  removed  from  the 
vicinity  of  the  prime  conductor,  it  becomes 
negative  throughout,  by  real'on  of  the  lofs 
of  the  fpark.  If  a conductor  be  prefented  to 
the  prime  conductor  in  a negative  ffate,  the 
effeds  are  reverfed,  the  attraction  being 
ffrongeft  at  the  prime  condudor,  and  the 
accumulation  being  in  the  condudor  which 
is  prefented,  it  exhibits  a negative  ffate,  which 
being  deftroyed,  upon  removal  it  becomes 
politive,  by  reafon  of  the  fpark  which  was 
given  to  it  when  apparently  negative. 

Thefe  effeds  are  more  confiderable  the  lefs 
the  diftance  is  between  the  two  condudors ; 
and  the  intercedent  eledric  body  is  peculiarly 
affeded  : the  manner  of  which  may  be  better 
underftood,  by  obferving  the  phenomena  of 
non-eledrics,  feparated  by  eledrics  which  are 
lefs  liable  to  allow  the  paffing  of  the  fpark 
than  the  air  is. 

Upon  an  infulated  horizontal  plate  of 
metal,  lay  a plate  of  glafs,  confiderably  larger, 
fa  that  there  may  be  a rim  of  three  or  four 
inches  projeding  beyond  the  metal  on  every 
fde.  Upon  the  glafs  lay  another  plate  of 

metal. 
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metal,  of  the  fame  fize  as  the  former,  fo  as 
precifely  to  cover  it.  Electrify  the  upper  plate, 
and  the  lower  will  exhibit  figns  of  electri- 
city. Continue  the  electrization,  and  the 
lower  plate  will  emit  fparks  to  an  uninfulated 
body  for  a time,  and  afterwards  ceafe.  Se- 
parate the  plates  from  the  glafs  without 
uninfulating  them,  and  the  glafs  will  appear 
to  be  pofiefied  of  the  contrary  electricity  on 
the  oppolite  tides.  That  fide  which  commu- 
nicated with  the  prime  conductor  during  the 
electrization  will  have  a like  eleCtricity,  and  the 
ether  the  contrary.  Take  off  the  eleCtricity 
of  the  plates  of  metal,  and  carefully  replace 
the  glafs  on  the  lower,  without  defiroying  the 
infulation,  and  alfo  replace  the  upper  plate 
in  like  manner.  Then,  with  one  end  of  an 
in  ful  a ted  wire,  not  pointed,  but  rather  knob- 
bed at  the  ends  ; touch  one  of  the  plates,  and 
brine  the  other  end  near  the  other  plate  : the 
conference  will  be,  that  a prodigious  fiiong 
and  loud  fpark  will  pafs  between  it  and  the 
wire,  the  eleCtricity  of  the  glafs  will  be  dif- 
charged,  and  the  plates  and  the  wire  will  ftill 
continue  uneleCtrified. 


An 
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An  electric  body  whofe  furfaces  are  thus 
pofteffed  of  the  contrary  electricities,  is  faid 
to  be  charged.  The  inlulation  of  the  lower 
metallic  plate  and  of  the  difcharging  wire  is 
not  neceffary,  except  for  the  purpofe  of 
drawing  inferences,  refpedting  the  manner  of 
charging  the  electric  plate.  If  the  electricity 
of  the  prime  conductor  be  very  ftrong,  the 
difcharge  will  fometimes  be  made  by  a fpark 
from  the  one  metallic  plate  to  the  other,  over 
the  furface  of  the  glafs  which  projects  on 
every  fide ; and  if  the  glafs  plate  be  thin,  in 
which  cafe  it  admits  of  a much  higher  charge, 
the  difcharge  will  be  made  through  its  fubftance. 
Glafs  as  thick  as  one-eighth  of  an  inch,  may 
be  penetrated  by  this  means,  one  or  more 
holes  being  made  where  the  electric  matter 
has  palled,  in  which  holes  the  glafs  is  pul* 
verized,  and  may  be  picked  out  with  a pin. 

The  greater  the  furface  of  the  glafs,  the 
greater  quantity  of  electricity  it  will  contain, 
the  fame  denfity  being  fuppofed*  But  a given 
machine  will  not  fuperinduce  fo  ftrong  an 
electric  ftate  on  a large  plate  as  a fmali 
one-:  the  reafon  of  which  feems  to  be  the  diffe- 
rent fpaces  of  time  required  in  the  charging, 
Vql.  II.  D d conjoined 
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conjoined  with  the  different  magnitudes,  of 
the  furfaces  at  which  the  eledricity  is  com- 
municated to  the  air.  If  there  were  no 
cfcape  of  the  eledtric  matter  during  the  time 
of  charging,  the  times  will  probably  be  as  the 
furfaces  of  the  plates,  equal  thickneffes  beintr 
always  fuppofed;  and  if  two  plates  were  equally 
charged,  the  efcape  would  perhaps  be  likewife 
as  the  furfaces,  Thefe  being  premifed,  the 
whole  efcape  will  be  as- the  time  of  charging, 
and  the  furfaces  of  each  conjointly,  that  is, 
becaufe  the  times  are  as  the  furfaces,  in 
the  duplicate  ratio  of  their  furfaces  directly. 
Hence  it  appears  that  the  efcape  in  plates, 
that  increafe  in  fize,  approaches  rapidly  and 
continually  nearer  to  the  quantity  of  electri- 
city fupplied  by  the  machine,  and  that  the 
more  powerful  machine,  by  diminishing  the 
time  of  charging,  will  charge  higher  in  the 
inverfe  proportion  of  the  time,  fo  much 
efcapement  being  faved.  It  muff  be  con- 
fefled  that  the  fuppofitions  not  being  accu- 
rate, the  ratios  are  only  nearly  true,  yet  this 
way  of  confidering  the  fubjedt  ferves  to  indi- 
cate the  caufes,  though  not  ffridtly  to  meafure 
the  eff'edt. 


From 
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From  the  above  related  experiment,  of  fc- 
parating  the  glafs  from  the  plates  of  metal, 
it  is  fhewn  that  the  furplus  of  the  electricity 
on  one  furface,  is  precifely  equal  to'  the 
deficiency  on  the  other  ; for  if  it  were  other- 
wife,  the  plates  and  the  difcharging  wire 
would  become  pofTeffed  of  the  predominating 
eleCtricity.  It  alfo  thews  that  if  the  theory 
of  pofitive  and  negative  electricity  be  true, 
eleCtric  bodies  muft  contain  the  eleCtric  matter, 
for  the  eleCtric  flates  are  evidently  on  the 
furfaces  of  the  glafs  independent  of  the  metal: 
now  though  we  can  conceive  that  a pofitive 
flate  may  be  fuperinduced  by  an  accumula- 
tion of  eleCtricity  on  one  furface,  yet  it  is 
abfurd  to  fuppofe  that  the  eleCtric  matter 
can  be  emitted  and  exhaufted  from  the  other 
fide,  if  it  did  not  exift  there,  previous  to  fuch 
emiflion  and  exhauftion.  From  this  we  have 
ground  to  conclude  that  all  bodies,  as  well 
eleCtrics  as  non-eleCtrics,  do  attraCt  the  elec- 
tric matter,  but  that  eleCtrics,  being  fo  con- 
flruCted  as  not  to  admit  it  into  their  fubftance, 
as  non-eleCtrics  do,  do  condenfe  it  upon  their 
furfaces,  and  at  all  times  hold  a great  quantity 
fo  condenfed.  And  if  the  quantity  of  eleCtri- 
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city  be  increafed  or  diminifhed  on  one  fide* 
the  eledtricity  on  the  other  furface  mud;  be 
rarefied  or  condenfed  in  confcquence  of  the 
diminution-  or  increafe  of  the  whole  attractive 
force  of  the  body*  as  explained  in  the 
beginning  of  this  chapter.  The  effedts  will 
alfo  be  more  confiderable  the  kfs  the  diftance 
is  between  the  two  furfaces. 

It  is  not  poffible  to  charge  an  eledtric  plate 
by  inducing  an  eledtric  ftate  on  one  of  its 
furfaces,  unlefs  the  other  be  at  the  lame  time 
fufficiently  near  to  an  uninfulated  non-eledtric 
to  alfum e the  contrary  date  by  emitting  or 
receiving  the  eledtric  matter. 

If  a plate  of  glafs  be  laid  upon  an  uninfu- 
lated plate  of  metal,  the  upper  furface  may 
be  rendered  eledtric  by  fridtion,  or  by  applying 
an  eledtrified  body  fucceffively  to  its  parts. 
This  eledtricity  may  be  taken  off  by  touching 
the  upper  furface  with  an  uninfulated  metallic 
plate  of  the  fame  dimenlions  as  that  upon 
which  the  glafs  is  placed,  but  will  not  be 
entirely  taken  off,  besaufe  the  communication 
between  the  two  furfaces  in  this  method  is 
not  perfedt,  and  becaufe  the  metal  cannot,  by 

ordinary  means,  be  brought  into  adtual  con- 

tact 
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tad  with  the  glafs.  The  foil  q^ntity 
which  remains,  produces  an  effed  which 
has  been  miftaken  for  a perpetual  eledricity. 
For  if  a plate  of  metal,  to  which  a glafs 
handle  is  affixed,  be  laid  upon  the  glafs,  this 
fmall  quantity^  eledricity  will  influence  the 
metal,  and,  without  adually  communicating 
the  eledric  matter,  will  caufe  it  to  exhibit  a 
Similar  ftate,  upon  the  principle  explained  at 
the  beginning  of  this  chapter.  If  this  be 
taken  off,  by  drawing  the  (park,  and  the 
metal  then  removed,  by  means  of  the  glafs 
handle,  it  will  be  found  poffeffed  of  the  con- 
trary date  of  eledricity,  and  another  fpark 
may  be  produced.  The  metal  plate  may  be 
then  again  applied  to  the  furface  of  the  glafs} 
and  the  procefs  again  repeated,  and  fo  on  for 
a prodigious  number  of  times,  without  any 
fenfible  difference  in  the  event.  For  the 
eledricity  at  the  furface  of  the  glafs  being 
almoft  in  the  natural  ftate,  as  to  condenfation, 
does  not  difappear  for  a very  long  time,  and 
the  very  near  approach  of  the  metal  enables 
it  to  produce  the  fame  effed  as  would  be 
obtained  at  a greater  diftance  from  a ftionger 
eledricity.  This  is  made  obvious  by  bring- 
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ing  the  metallic  plate  near  the  furface  of  the 
glafs  before  its  firft  ftrong  electricity  is  taken 
off,  for  the  fame  event  is  perceived  at  the 
diftance  of  four,  five  or  fix  inches  as  in  the 
former  cafe  was  produced  by  contact. 

The  vapoi  s of  the  utmofphere  are  conti- 
nually attaching  themfelves  to  the  furface  of 
cold  glafs,  and  by  that  means  deftroy  the 
eledricity.  Sulphur,  wax  or  refin,  being 
lefs  fubjeCt  to  this,  retain  their  eleCtric  ftate 
much  longer.  A plate  of  glafs  or  wood, 
coated  over  with  any  fubftance  of  this  nature, 
may  be  excited  by  friction,  and  will  produce 
electricity  in  a metallic  plate,  in  the  manner 
above  defcribed  for  a very  great  length  of 
time.  Such  a plate,  together  with  its  metal, 
has  been  named  the  elettrophorm. 

If  the  difcharge  of  an  electrified  plate  be 
made  b.y  the  parts  of  a living  animal,  a con- 
fiderable  pain  will  be  felt  chiefly  at  the  ex- 
tremities of  the  mufcles.  For  example,  if  a 
man  touch  the  lower  metal  plate  with  one 
hand,  and  bring  the  other  to  the  upper  plate, 
at  the  inffant  of  the  emiiTion,  he  will  feel  a 
pain  at  the  wrifts  and  elbows,  which  as  in- 
flan tl y vanifhes.  Jf  a larger  glafs  plate  be 

ufed, 

/ 


Electric  Shock.  4°7 

v , 

sfcd,  the  pain  will  be  felt  in  the  bread  ; if 
yet  larger,  the  fenfation  will  be  that  of  4 
univerfal  blow.  This  fenfation  has  obtained 
the  name  of  the  (hock,  and  will  deprive  ani- 
mals of  life,  if  fufficiently  flrong.  The  fhock 
from  a fquare  foot  of  glafs  in  contadt  with 
metal,  will  fometimes  inftantly  kill  mice, 
fparrows,  and  the  like,  but  fometimes  only 
throws  them  into  univerfal  convuliions,  of 
which  they  in  general  recover.  Six  fquare 
feet  of  glafs  will  deprive  a man  of  fenfation 
for  a time,  if  the  head  be  made  a part  of  the 
circuit  through  which  the  eledtricity  moves. 
No  inconvenience  has  been  found  from  the 
eledtric  ihock  by  men  of  ftrong  habits,  but 
women  of  delicate  conftitutions  have  had 
convulfions  after  a violent  ihock.  We  may 
obferve  that  the  eledtric  fliock  is  a proof  that 
the  eledtric  matter  paffes  through  the  fubftance 
of  non-eledtrics,  and  not  over  their  furface$ 
alone,  as  fome  have  fuppofed. 
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CHAP.  V. 

Of  Electric  Jars j the  Velocity,  of  the  Shock 
Light  in  the  Boy  lean  Vacuum  ; the  charging 
a Plate  of  Air , whence  is  deduced  the  Action 
of  Pointed  Bodies ; and  of  the  EleElricity 
which  is  produced  in  certain  Bodies  by  heating 
and  cooling , 


O R the  fake  of  fimplicity  and  preciflon, 


we  have  related  the  effects  of  eledtrify- 
ing  glafs-plates,  which  however  are  little  ufed0 
The  objedt  of  the  philofopher  in  general  is  to 
collect  a large  quantity  of  electricity,  by  means 
of  the  furfaces  of  eleCtrics,  and  it  is  neither 
necelfary  nor  convenient  to  ufe  flat  plates. 
The  electrician  therefore  accommodates  him- 
felf  with  a fufficient  number  of  prepared  jars. 
They  are  made  of  various  Shapes  and  magni- 
tudes, but  the  moil  ufeful  are  thin  cylindrical 
glafs-veflels,  about  four  inches  in  diameter, 
and  fourteen  in  height : thefe  are  coated  with- 
in and  without,  writh  tinfoil,  which  is  ftuck 
on  with  gum-water,  excepting  two  inches  of 


the 
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the  rim  or  edge,  which  is  left  bare,  to  prevent 
the  communication  between  the  coatings. 
About  four  inches  from  the  bottom,  within, 
is  a large  cork,  through  which  is  inferted  a 
thicl^  wire,  ending  in  feveral  ramifications, 
which  touch  the  infide  coating  j the  upper 
end  of  the  wire  terminating  with  a knob, 
confiderably  above  the  mouth  of  the  jar.  See 
fig.  139.  letter  S.  When  it  is  required  to  be 
charged,  it  may  be  held  in  the  hand,  or  on 
an  uninfulated  table,  and  the  knob  of  the 
wire  applied  to  the  condudtor ; the  infide 
coated  furface  becomes  pofiefied  of  the  elec- 
tricity of  the  conductor,  and  the  external  fur- 
face  acquires  the  contrary  ele&ricity  by  means 
of  its  uninfulated  coating.  When  a jar  of 
this  kind  is  highly  charged,  it  will  difcharge 
fpontaneoufly  over  the  uncoated  furface,  and 
feldom  through  the  glafs,  whereas,  when  the 
uncoated  furface  is  large,  they  are  more  apt 
to  break  by  that  means,  and  become  ulelefs. 
Yv.t,  there  is  no  dependance  that  a jar  which 
has  difcharged  itfelf  over  its  furface  will  not  at 
another  time  break  by  a difcharge  through 
the  glafs,  as  the  contrary  often  happens. 


When 
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When-  a greater  degree  of  eleCtric  force  is 
required,  larger  jars  mud  be  ufed,  in  which 
the  form  is  of  no  confequence,  farther  than 
convenience  requires.  But  it  is  lefs  expenfive, 
and  quite  as  effectual,  to  ufe  a number  of  final- 
ler  jars,  fo  that  the  quantity  of  coated  furface 
may  be  the  fame  as  in  the  large  jars.  In  this 
cafe,  a communication  muff  be  formed  be- 
tween all  the  outfide  coatings,  which  may  be 
done  by  placing  them  on  a Hand  of  metal ; 
and  alfo  between  all  the  inner  coatings,  which 
is  bell  done  by  means  of  wires.  S'nch  a col- 
lection is  called  a battery,  and  may  be  charged 
and  difeharged  like  a lingle  jar. 

In  dilcharging  eleCtrical jars,  the  electricity 
goes  in  the  greateft  quantity  through  the  bed 
conductors,  and  by  the  Ihortcll  courfe.  Thus, 
if  a chain  and  a wire,  communicating  with 
the  outer  coating,  be  prefented  to  the  knob  of 
ajar,  the  greater  part  of  the  charge  will  pafs 
by  the  wire,  and  very  little  by  the  chain, 
which  is  a worfe  conductor,  by  reafon  of  its 
difeontinuation  at  every  link.  When  the  dif- 
charge  is  made  by  the  chain  only,  fparks  are 
feen  at  every  link,  which  is  a proof  that  they 
are  not  in  contaCt ; and  as  the  chain  mult  be 

flretched 
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ffretched  by  a confiderable  force  before  the 
fparks  ceafe  to  appear  on  the  difcharge,  it  fol- 
lows that  there  is  a repulfive  power  in  bodies, 
by  which  they  are  prevented  from  coming  into 
contadt,  unlefs  by  force,  as  has  been  obferved 
in  the  former  part  of  this  treatife. 

By  accurate  experiments  it  appears,  that 
the  force  of  the  eledtric  fhock  is  weakened, 
that  is,  its  effedts  are  diminifhed,  by  ufing  a 
conductor  of  a great  length  in  making  the 
dilcharge.  Yet,  a very  confiderable  fhock 
was  given  by  the  Abbe  Nolet,  in  the  prefence 
of  the  French  King,  to  one  hundred  and 
eighty  men ; the  firft  of  whom  formed  a 
communication  with  the  outer  coating,  the 
reft  joining  hands  in  a circular  line,  and 
the  laft  touched  the  knob  of  the  inner  coat- 
ing. They  were  all  fliocked  at  the  fame 
inftant.  Dr.  Watfon,  and  many  other  gen- 
tlemen of  eminence  in  the  philofophical  world, 
were  at  the  pains  of  making  experiments  of 
the  fame  kind,  but  much  more  accurate. 
They  found,  by  means  of  wire  infulated  on 
baked  wood,  that  the  eledtric  fhock  was  trans- 
mitted inftantaneopfly  through  the  length  of 
12276  feet. 


When 
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When  any  animal  or  fubftance  is  to  be  Tub- 
jedted  to  the  fhock,  it  is  ufually  done  by  means 
of  two  chains,  one  of  which  connects  one 
extremity  of  the  animal  or  fubftance  with  the 
outer  coating,  and  the  other  being  faftened  to, 
or  laid  on,  the  other  extremity,  is  applied  to 
the  knob  of  the  inner  coating  to  make  the 
difcharge.  The  animal  or  fubftance  thus 
forming  a part  of  the  circuit,  receives  the 
whole  fhock.  The  ftrong  fhock  of  a battery 
will  melt  wire  of  the  feventieth  of  an  inch  in 
diameter,  and  wires  of  lefs  diameters  are  fre- 
quently blown  away,  and  difpeifed.  Gun- 
powder may  be  fired  by  a charge  of  three  fquare 
feet  j the  method  is,  to  put  it  into  a quill,  and 
thruft  a wire  into  each  end,  fo  as  not  to  meet, 
and  then  make  thefe  wires  a part  of  the  circuit. 
Spirit  of  wine,  ether,  and  a mixture  of  common 
and  inflammable  air,  may  alfo  be  fired  by  the 
fame  means,  or  even  by  the  fpark  from  the 
conductor.  Yet,  it  feetns  probable  in  thefe 
cafes,  that  inflammation  does  not  take  place 
becaufe  the  ele&ric  matter  is  fire,  or  in  an 
ignited  ftate,  but  becaufe  the  extreme  velocity 
of  its  motion  excites  thofe  vibrations  in  which 
heat  confifts,  or  at  leaft  which  always  accom- 
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panies  it.  A ftrong  fhock  gives  polarity  to 
fmall  needles. 

Electricity  will  pafs  by  means  of  noti- 
eleCtrics  that  are  fo  fmall  as  to  be  deftroy- 
ed  by  its  paffage,  as  has  juft  been  in- 
ftanced  in  wires  : the  force  of  the  explofion 
in  thefe  inftances  is  very  confiderable,  and 
is  termed  the  lateral  force  of  electricity.  The 
following  is  a proof  of  this,  and  may  be  exhi- 
bited with  lefs  than  a fquare  foot  of  coated 
glafs,  if  well  charged.  At  the  glafs-houfe 
there  is  generally  a great  number  of  folid 
fticks  of  glafs,  about  a quarter  of  an  inch  dia- 
meter ; if  thefe  be  examined  narrowly,  feve- 
ral  of  them  will  be  found  to  be  tubular  for  a 
confiderable  length,  but  the  diameter  of  the 
cavity  feldom  exceeds  the  200th  part  of  an 
inch.  SeleCt  thefe,  and  break  off  the  tubular 
part,  which  may  be  filled  with  quickfilver  by- 
fucking  ; care  being  taken  that  no  wet  previ- 
oufly  infinuates  itfelf,  and  then  fend  the  fhock 
through  this  fmall  thread  of  quickfilver,  which 
will  inftantly  be  difploded,  and  will  break  or 
fplit  the  tube  in  a curious  manner. 

An  experiment  fimilar  to  this  may  be  made 
with  a glafs-tube  filled  with  water.  Take  a 

fmall 
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fmall  glafs-tube,  whofe  cavity  is  about  a quarter* 
of  an  inch  in  diameter,  fill  it  with  water,  and 
flop  the  end  with  foft  pomatum  : thro’  the  po- 
matum infert  two  wires,  that  they  may  almoft 
touch  each  other,  and  make  their  ends  a part 
of  the  circuit  in  the  difcharge  of  a ftrong  fhock, 
from  about  two  feet  fquare  of  coated  glafs; 
the  confequence  will  be,  that  the  water  will 
be  difperfed  in  every  direction,  and  the  tube 
blown  to  pieces,  particularly  in  the  middle, 
near  the  difcontinuation  of  the  wire  : the  ends 
with  the  wires  and  pomatum  will  fometimes 
be  found  undiflurbed.  This  is  a ftriking  in- 
ftance  of  the  velocity  and  force  with  which 
the  eledtric  matter  is  moved. 

This  property,  of  being  charged  and  dis- 
charged, is  not  peculiar  to  glafs,  but  is  com- 
mon to  all  other  eledtrics. 

If  a thin  bottle  beexhaufted  of  air  by  means 
of  the  air-pump,  it  will  receive  a confiderable 
charge  by  applying  its  bottom  to  the  eledtrified 
prime  condudtor,  during  which  time  theeledlric 
matter  will  pafs  thro’  the  vacuum  between  the 
hand  and  the  inner  furface  of  that  part  of  the 
glafl  which  is  neareft  the  prime  condudlor. 

This  appearance,  whofe  caufe  has  already  been 
* in 
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in  fome  degree  explained,  is  exceedingly  beau- 
tiful in  the  dark,  efpecially  if  the  bottle  be  of 
a confiderable  length.  It  exactly  refembles 
thofe  lights  which  appear  in  the  northern  Iky, 
and  are  called  dreamers,  or  the  aurora  borea- 
lis. If  one  hand  be  applied  to  the  part  of  the 
bottle  which  was  applied  to  the  conductor, 
while  the  other  remains  at  the  neck,  the 
fhock  will  be  felt,  at  which  indant  the  natu- 
ral ftate  of  the  inner  furface  is  redored  by  a 
fladi,  which  is  leen  pervading  the  vacuum 
between  the  two  hands. 

The  electric  fhock  may  be  given  from  a 
plate  of  air,  by  means  of  two  large  plates  of 
metal,  or  rather  boards  covered  with  tinfoil ; 
one  of  which  is  to  be  fufpended  to  the  prime 
conductor,  and  the  other  placed  parallel  to  it  on 
an  uninfulated  dand,  at  a convenient  didance. 
Thefe  boards  may  be  regarded  as  the  coatings 
of  the  plate  of  air  contained  between  them, 
and  if  a communication  be  formed  between 
them,  by  touching  the  uninfulated  board  with 
one  hand,  and  applying  the  other  hand  to  the 
conductor,  the  fhock  will  be  felt  accordingly. 
It  is  almod  unneceffary  to  obferve,  that  i/the 
electricity  be  powerful,  or  the  didance  be- 
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tween  the  plates  fmall,  the  charge  will  pafs  frortt 
the  one  to  the  other  in  a fpark  through  the  air* 

. If  we  compare  this  experiment  with  what  has 
already  been  obferved  refpeding  the  charging 
and  difeharging  eledric  bodies,  it  will  appear1 
that  mod:  of  the  eledric  phenomena  are  the 
confequences  of  the  air  being  charged.  Thus, 
the  prime  conductor  imparts  its  eledricity  to 
the  furface  of  air  immediately  contiguous,  and 
when  the  fpark  is  drawn  the  difeharge  is 
made  to  the  non-eledrics,  namely,  the  floor1 
and  wainfeot  of  the  room,  which  are  in  con- 
tad  with  the  oppoflte  furface.  The  charge  of 
eledrics  has  already  been  obferved  to  be  greater, 
the  nearer  the  furfaces  are  to  each  other ; thus, 
glafs  beyond  half  an  inch  thicknefs  cannot  be 
charged  by  our  machines : in  like  manner,  the 
difeharge,  that  is  to  fay,  the  fpark  from  the 
conductor,  will  be  greater,  when  a large  com- 
pany dand  about  it  than  at  other  times,  the 
body  of  air  which  is  interpofed  between  the 
condudor  and  the  neared  uninfulated  non- 
dedrics  being  then  lefs  in  thicknefs  than  at 
other  times.  It  follows  alfo,  that  a large 
condudor  will  give  a larger  fpark  than  a lefs ; 
the  difeharge  being  from  a furface  propor- 
tionally 
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tionally  greater.  And  fince  this  difcharge 
confifts  chiefly  of  the  eledric  matter,  redding 
at,  or  near  the  furface  of  contact,  and  little, 
if  at  all,  of  that  which  may  be  within  the  fub- 
ftance  of  the  condudor,  it  is  of  no  confe- 
quence  whether  the  condudor  be  a folid  non- 
eledric  or  hollow,  provided  the  furface  be 
unaltered  in  form  and  magnitude.  Hollow 
cylinders  of  copper,  or  tin,  or  wood,  covered 
with  tinfoil,  or  ftrongly  gilt,  are  the  conduc- 
tors generally  in  ule ; and  in  the  other  circum- 
ftances  we  have  here  related  by  inference,  ex- 
perience agrees  with  our  conclufions. 

It  is  a confequence  of  the  air  being  charged 
that  broad  non-eledric  furfaces  draw  large 
fparks  from  the  condudor ; for  the  fparks  are 
the  difcharges  of  a large  plate  of  interpofed 
air.  A lefs  furface  will  draw  a lefs  fpark,  but 
becaufe  the  fame  machine  charges  lefs  fur- 
faces  higher  than  greater,  the  fpontaneous 
difcharge  through  the  body  of  the  eledric  air 
will  be  made  at  a greater  diftance  of  the  fur- 
faces,  that  is  to  fay,  the  fparks  will  be  longer. 
If  the  furface  of  the  non-eledric  prefen  ted  be 
yet  lefs,  the  fparks,  by  the  fame  reafon,  will  be 
lefs,  and  emitted  to  a Hill  greater  diftance. 
Vo l.  II.  E e And 
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And  if  the  furface  be  indefinitely  final],  or, 
in  other  words,  if  the  non-electric  be  pointed, 
the  fpark  may  be  fo  fmall  as  to  be  invifible, 
and  the  difiance  to  which  it  can  be  emitted 
may  be  unlimited.  The  effect  of  pointed 
bodies  feems  to  depend  on  circumftances  of 
this  nature  j but  the  reafon  of  the  different 
appearances  of  the  light  on  points  electrified, 
pofitively  or  negatively,  fiill  remains  a diffi- 
culty. It  would  not,  indeed,  be  difficult  to 
frame  an  hypothefis  for  the  purpofe  of  remov- 
ing it,  but  it  is  fafer  to  wait  till  the  bufinefs 

is  accomplifhed  by  obfervation  and  experi- 
ment. 

Since  attraction  and  repulfion  are  circum- 
fiances  which,  in  almoft  every  fituation,  attend 
bodies  in  an  electric  fiate,  philofophers  avail 
themfelves  of  thefe  phenomena  to  difcover  the 
fiate  and  degree  of  electricity.  The  electro- 
meter rp,  in  fig.  139.  indicates  the  fiate  of  the 
conductor  by  the  diftance  to  which  it  elicits 
the  fpark ; but  it  has  the  inconvenience  of 
carrying  off'  the  electricity  at  the  inffant  in 
which  it  becomes  ufeful ; and  is,  befides,  to- 
tally improper  for  denoting  fmall  degrees  of 
intenfity.  Its  chief  application  is  to  give  a 

number 
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number  of  ffiocks  of  precifely  the  fame  force. 
Small  degrees  of  electricity  are  very  well 
{hewn  by  the  divergence  of  two  fine  hempen- 
threads,  fufpended  together  from  the  conduc- 
tor. If  little  balls  of  pith  or  cork  be 
fattened  to  the  ends  of  the  threads,  they  will 
ferve  to  denote  ftill  greater  intenfities,  as  they 
will  not  fo  foon  arrive  at  their  utmoft  diver- 
gence by  the  mutual  repulfion.  Fig.  140.  is 
a very  ufeful  electrometer  upon  this  principle. 
It  confitts  of  an  upright  ftick  of  box- wood, 
ab,  on  one  fide  of  which  is  affixed  a gradu- 
ated femi-circle ; d is  a ball  of  pith  or  cork, 
and  is  ftuck  upon  the  end  of  a fmall  rod  or 
radius  of  wood,  which,  by  means  of  a fmall 
axis  at  c,  is  moveable  in  a plane  parallel  to  that 
of  the  femi-circle.  This  electrometer  is  fixed 
upright  on  the  prime  conductor  ; the  radius 
mutt  therefore  hang  perpendicularly  down 
when  it  is  not  eleCtrified ; and  according 
to  the  intenfity  of  the  eleCtric  ttate  given  to 
the  conductor,  the  repulfion  mutt  caufe  the 
ball  to  afcend.  The  afcent  will  be  marked 
by  the  graduations. 

This  laft  electrometer,  though  by  far  the 
moft  ufeful  of  any,  is  confiderably  imperfeCt. 

E e 2 It 
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It  is  much  more  fenfible  of  fmall  variations  in 
the  eleCtric  force  when  at  the  beginning  of 
the  graduations  than  any  where  elfe,  and  is 
not  reducible  to  a ftandard,  that  is  to  fay,  two 
electrometers  will  not  agree,  though  equally 
eledtrified.  This  laft  imperfection  is  com- 
mon to  every  inftrument  which  has  yet  been 
invented  for  the  purpofe  ofmeafuring  the  in- 
ten  fity  of  electricity. 

Thefe  methods  ferve  to  eftimate  the  force 
of  the  eleCtric  repulfion,  but  do  not  indicate 
whether  the  electricity  bepofitive  or  negative- 
If  the  electricity  be  ftrong,  the  nature  of  its 
ftate  may  be  known  by  prefenting  an  uninfu- 
lated  metallic  point,  which  will  be  illuminated 
or  tipped,  with  a light  correfponding  with  the 
contrary  electricity  to  that  of  the  conductor. 
(Seep.  378.)  To  difeover  the  nature  of  final- 
ler  degrees  of  electricity,  a downy  feather 
may  be  infulated  by  fufpending  it  by  a flender 
filk- thread,  and  then  rendered  eleCtric,  by 
bringing  it  in  contaCt  with  the  cylinder  or 
conductor  of  the  machine.  The  feather  in 
this  ftate  will  be  repelled  by  bodies  which 
pofiefs  the  fame  kind  of  electricity  as  itfelf, 
and  will  be  attracted  by  all  other  bodies. 

We 
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Wefhall  finifh  our  general  account  of  arti- 
ficial eledricity  with  pointing  out  fome  of  the 
other  means  by  which  it  may  be  acquired ; 
but  which  the  theory  we  at  prefent  poffefs  is 
too  imperfect  to  explain. 

Sulphur  melted  in  an  earthen  veffel,  and 
placed  to  cool  upon  uninfulated  conductors, 
is  ftrongly  eledric  when  taken  out,  but  is  not 
fo  when  it  has  flood  to  cool  upon  eledric 
fubflances. 

Sulphur  melted  in  a glafs-veffel  acquires 
a flrong  eleClricity  in  the  circumftances  above- 
mentioned,  whether  the  veffel  be  placed  on 
eleCtrics  or  not ; but  flronger  in  the  former 
cafe.  This  electricity  is  yet  flronger,  if  the 
glafs  be  coated  with  metal.  In  thefe  cafes 
the  glafs  is  always  pofitive,  and  the  fulphur 
negative.  It  is  particularly  remarkable,  that 
the  fulphur  acquires  no  electricity  till  it  be- 
gins to  cool  and  contract,  and  is  the  flrongefl 
at  the  time  of  the  greatefl  contraction  ; where- 
as the  electricity  of  the  glafs  is  at  that  time 
weakeft,  and  is  the  flrongefl  of  all  when  the 
fulphur  is  fhaken  out  before  it  begins  to  con- 
trad,  or  has  acquired  any  negative  elec- 
tricity. 

E e 3 Ip 
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It  has  been  obferved,  that  filk  or  worfled 
{lockings  become  eleCtrical  after  being  worn 
fome  hours,  more  particularly  the  filk,  as 
does  alfo  a beaver-fhirt  worn  between  two 
others.  If  a white  and  a black  filk-ftockin? 

O 

be  worn  on  the  fame  leg,  they  obtain  contrary 
electricities.  When  drawn  off  together  they 
fhew  very  little  figns  of  electricity,  but,  upon 
feparating  them,  each  indicates  an  eleCtrical 
{late  fo  ftrongly,  that  the  repulfion  inflates 
them,  fo  as  to  exhibit  the  intire  fhape  of  the 
leg.  If  the  two  {lockings  be  allowed  to  come 
together,  they  ftrqngly  attract  each  other,  the 
inflation  fubfides,  and  they  {lick  very  clofely 
together;  in  which  fituation  they  retain  their 
electric  {late,  notwithstanding  the  approach  of 
the  fharpeft  metallic  point.  A fecond  repara- 
tion again  exhibits  their  refpeCtive  electricities 
as  before;  and  this  may  be  done  feveral  times 
without  much  diminithing  their  electricities. 
The  eleCtricity  of  the  black  {locking  is  nega- 
tive, and  of  the  white  pofitive. 

The  tourmalin  is  a hard  pellucid  gem,  of  a 
red  colour,  and  is  brought  from  the  ifland  of 
Ceylon  by  the  Dutch.  It  poflelles  the  pro- 
perty of  a {fuming  an  eleCtric  (late  if  heated ; 

one 
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one  Tide  of  it  becoming  pofitive,  and  the  other 
negative.  If  this  eledtric  ftate  be  taken  oft 
by  contadf,  the  ftone  will  become  eledtric  as 
it  cools ; but  with  this  difference,  that  the 
fide,  which,  during  the  heating  was  pofitive, 
will  now  be  negative,  and  the  other  fide  pofi- 
tive, which  before  was  negative.  But  if  the 
eledtric  ftate  be  not  taken  off,  the  fame  kind 
of  eledtricity  will  be  found  on  the  fame  fide 
during  the  whole  time  of  heating  and  cooling. 
Either  fide  of  the  tourmalin  will  become  poft- 
tive  by  fridtion,  and  both  may  be  made  fo  at 
the  fame  time. 

Thefe  are  the  chief  properties  of  this  very 
remarkable  ftone,  which  are  alfo  common  to 
the  Brazil  topaz,  and  fome  other  gems.  There 
are  feveral  important  particulars  relative  to 
this  and  every  other  branch  of  eledtrical 
knowledge,  which  cannot  be  enumerated  and 
defcribed,  in  an  introductory  book,  on  ac- 
count of  the  great  length  of  detail  they  would 
require.  For  thefe,  the  ftudent  muft  have  re- 
courfe  to  treatifes  written  exprefsly  on  this  fub- 
jedt.  There  are  alfo  a number  of  fanciful  and 
pleafmg  variations  of  the  common  experiments. 
Bells  are  rung  by  an  infulated  clapper,  which  is 
E e 4 alternately 
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. alternately  attracted  and  repelled  between  two 
bells  in  oppofite  ftates  of  electricity  ; figures 
of  men  and  women  cut  in  paper  are  made  to 
dance  by  the  attraction  and  repulfion  between 
two  metallic  plates  ; light  mills  of  pafteboard 
are  driven  round  by  the  current  of  air  from 
electrified  points,  &c.  &c.  particular  accounts 
of  all  which  may  be  had  in  pamphlets,  which 
are  frequently  fold  by  the  makers  of  the  elec*= 
trical  apparatus.  ' 
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CHAP.  VI. 

t 

Of  Natural  Electricity ; and  of  the  Identity  of 
Lightning  and  the  EleCtric  Matter. 

TH  AT  electricity  is  no  trivial  or  con- 
fined fubjeCt,  muft  appear  from  what 
has  already  been  faid,  fince  there  is  no  body  in 
nature  that  is  not  aCted  upon  by  it,  either  as  a 
conductor  or  non-conduCtor.  The  impor- 
tance of  the  eleCtric  matter  in  the  mundane 
fyftem  is  more  particularly  confirmed  by 
obfervations  on  thofe  phenomena  which  take 
place  without  the  concurrent  operation  of 
man.  Of  thefe  it  will  be  proper  to  give  fomc 
account. 

\ V • 

Several  fifties  poflefs  the  property  of  giving 
the  eleCtric  fhock.  The  torpedo,  or  numbing 
fifh,  and  one  or  more  fpecies  of  eels,  from 
Surinam,  if  touched  by  the  hand,  a metal 
rod,  or  any  other  conductor,  give  a confider- 
able  fhock  to  the  arm,  but  may  be  fafely 
touched  by  means  of  a flick  of  fealing-wax. 
The  fhock  depends  on  the  will  of  the  fifh,  and 
is  tranfmitted  to  a great  difiance,  fo  that  if  per- 

fons 
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fons  in  a fhip  happen  to  dip  their  fingers  or  feet 
in  the  fea,  when  the  fifh  is  fwimming  at  the 
diftance  of  fifteen  feet,  they  are  affeded  by  it. 

But  the  moft  remarkable  appearances  of 
electricity,  which  are  viewed  with  fur- 
prife  and  admiration  by  all  ranks  of  people, 
are  thofe  which  may  be  termed  atmofpheri- 
cal,  as  for  the  moft  part  exifting  in,  or  depend- 
ing on  the  ftate  of  the  atmolphere.  Light- 
ning is  proved  to  be  an  eledric  phenomenon, 
and  there  is  little  doubt  but  the  aurora-borea- 
lis, whirlwinds,  water-fpouts,  and  earth- 
quakes, depend  on  the  fame  principle. 

The  refemblance  between  the  electric  fpark 
and  lightning,  is  fo  obvious,  that  we  find  it 
among  the  earlieft  obfervations  on  the  fubject; 
but  the  proof  of  the  important  theorem  of  their 
identity  was  referved  for  Dr.  Franklin,  who 
is  fo  juftly  celebrated  for  his  many  difeoveries 
in  this  branch  of  phyfics.  He  firft  oblerved 
the  power  of  uninfulated  points,  in  drawing 
off  the  electricity  from  bodies  at  great  dii- 
tances,  and  thence  inferred  that  a pointed 
metallic  bar,  if  infulated  at  a confiderable 
height  in  the  air,  would  become  eledrical 
by  communication  from  the  clouds  dur- 
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ing  a thunder-ftorm.  He  gave  this  thought 
to  the  public ; and  feveral  machines,  con- 
lifting  of  infulated  iron  bars,  eredted  per- 
pendicular to  the  horizon,  and  pointed  at 
top,  were  fet  up  in  different  parts  of  France 
and  England.  The  firft  apparatus  that  was 
favored  with  a vifit  from  this  ethereal  matter, 
was  that  of  Monf.  Dalibard,  at  Marly  la 
Ville,  about  fix  leagues  from  Paris.  It  con- 
ftfted  of  a bar  of  the  length  of  forty  feet,  and 
was  electrified  on  the  tenth  of  May,  1752,  for 
the  fpace  of  half  an  hour,  during  which  time 
the  longeft  fparks  it  emitted  meafured  about 
two  inches. 

Dr.  Franklin,  after  having  publifhed  thfc 
method  of  verifying  his  hypothefis  concerning 
the  famenefs  of  eledlricity  with  the  matter  of 
lightning,  was  waiting  for  the  eredtion  of  a 
fpire  in  Philadelphia  to  carry  his  views  into 
execution ; not  imagining  that  a pointed  rod 
of  a moderate  height  could  anfwer  the  pur- 
pofe  ; when  it  occurred  to  him,  that  by  means 
of  a common  kite  he  could  have  a readier  and 
better  accefs  to  the  regions  of  thunder,  than 
by  any  fpire  whatever.  Preparing  therefore 
a large  talk  handkerchief,  and  two  crofs  fticks 
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of  a proper  length,  on  which  to  extend  it ; 
he  took  the  opportunity  of  the  firft  approach- 
ing thunder-ilorm,  to  walk  into  a field  in 
which  there  was  a fhed  convenient  for  his 
purpofe.  But,  dreading  the  ridicule  which 
too  commonly  attends  unfuccefsful  attempts 
in  fcience,  he  communicated  his  intended 
experiment  to  nobody  but  his  fon,  who 
a Hilled  him  in  railing  the  kite. 

The  kite  being  raifed,  the  end  of  the 
firing  being  tied  to  a filk  firing  which  he  held 
in  his  hand,  and  a fmall  key  being  faflened  at 
the  place  of  jundfion,  a confiderable  time 
elapfed  before  there  was  any  appearance  of 
its  being  electrified.  One  very  promifing 
cloud  had  paficd  over  it  without  any  effect ; 
when,  at  length,  juft  as  he  was  beginning  to 
defpair  of  his  contrivance,  he  obferved  fome 
loofe  threads  of  the  hempen  firing  to  fland 
eredt,  and  to  avoid  one  another  juft  as  if  they 
had  been  fufpendcd  on  a common  conductor. 
Struck  with  this  promifing  appearance,  he 
immediately  prefented  his  knuckle  to  the  key, 
and,  let  the  reader  judge  of  the  exquifite 
pleafure  he  felt  at  that  moment,  the  dilcovcry 
was  complete.  He  perceived  a very  evident 
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dearie  fp^rk.  Others  fucceeded,  even  before 
the  firing  was  wet,  fo  as  to  put  the  matter 
paft  all  difpute,  and  when  the  rain  had 
wetted  the  firing,  he  collected  the  cledlricity 
very  copioufly.  This  happened  in  June  1752, 
a month  after  the  electricians  in  France  had 
verified  the  fame  theory,  but  before  he  had 
heard  of  any  thing  they  had  done. 

The  grand  pra&ical  ufe  which  the  DoCtor 
made  of  this  difeovery,  was  to  fecure  build- 
ings from  being  damaged  by  lightning,  a 
thing  of  vafl  confequence  in  all  parts  of  the 
world,  but  more  efpecially  in  feveral  parts 
of  North  America,  wher&  thunder-florms  are 
more  frequent,  and  their  effe&s,  in  that  dry 
air,  more  dreadful,  than  they  are  ever  known 
to  be  with  us. 

This  great  end  is  accomplished  by  fo  eafy  a 
method,,  and  by  fo  cheap  and  feemingly  trifling 
apparatus,  as  fixing  a pointed  metalline  rod 
higher  than  any  part  of  the  building,  and 
communicating  with  the  ground  or  rather 
the  nearefl  water.  This  wire  the  lightning  is 
flu  re  to  feize  upon,  preferably  to  any  other 
part  of  the  building,  unlefs  it  be  very  large 
and  extended,  in  which  cafe  wires  may  be 
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ereded  at  each  extremity  j by  which  means 
this  dangerous  power  is  fafely  conduced  to 
the  earth,  and  diffipated  without  doing  any 
harm  to  the  building. 

Conduding  rods  are  now  become  very 
’common,  both  for  the  purpofe  of  fecuring 
buildings,  and  of  making  obfervations  on  the 
ftate  of  the  atmofphere.  The  befh  of  thofe 
which  are  intended  for  the  latter  purpofe,  is 
the  following.  On  the  top  of  any  building, 
which  will  be  the  more  convenient  if  it  Hand 
upon  an  eminence,  ered  a pole  as  tall  as  a man 
can  manage  without  difficulty,  having  on  the 
top  of  it  a folid  piece  of  glal's  or  baked  wood, 
a foot  in  length.  Let  this  be  covered  with  a 
tin  or  copper  veffel  in  the  form  of  a funnel, 
to  prevent  its  ever  being  wetted.  Above 
this  let  there  rife  a long  (lender  rod,  terminat- 
ing in  a pointed  wire,  and  having  a final! 
wire  twilled  round  its  whole  length,  to  con- 
dud  the  eledricity  the  better  to  the  funnel. 
From  the  funnel,  let  a wire  defcend  along 
the  building  about  a foot  diflance  fiom  it, 
and  be  conduded  through  an  open  fafh  into 
any  room  which  (hall  be  mod  convenient  fci 
managing  the  experiments.  In  this  room 
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let  a proper  conductor  be  infulated  and  con- 
nected with  the  wire  coming  in  at  the  win- 
dow. This  wire  and  conductor,  being  com- 
pletely infulated,  will  be  eledrified  when- 
ever there  is  a confiderable  quantity  of  elec- 
tricity in  the  air  ; and  notice  will  be  given 
when  it  is  properly  charged,  either  by  the 
mutual  repulfion  of  two  fmall  balls  of  cork 
hung  to  it  by  threads,  or  by  the  ringing  of  two 
fmall  bells,  the  one  fufpended  from,  and  com- 
municating with  the  conductor,  and  the  other 
uninfulated  : thefe  bells  will  be  in  oppofite 
ftates  of  eledricity  when  the  condudor  is 
eledrified,  and  if  a clapper  or  fmall  metallic 
ball  be  hung  by  a filk  thread  between  them, 
it  will  be  alternately  attraded  and  repelled  by 
each,  and  confequently  indicate  the  eledricity 
of  the  condudor  by  ringing. 

To  make  thefe  experiments  in  perfed 
fafety,  the  eledrified  wire  fhould  be  brought 
within  a few  inches  of  a conduding  rod,  which 
ferves  to  guard  the  houfe,  that  the  redundant 
eledricity  may  pafs  off  that  way,  without 
Unking  any  perfon  who  may  happen  to  hand 
near  it.  The  condudor  to  guard  the  houfe 
Should  confift  of  a rod,  without  breaks  or  dif- 
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continuities,  between  one  fourth  and  one 
half  of  an  inch  thick,  if  it  be  of  iron,  but 
fmaller  if  it  be  brafs  or  copper,  terminating 
upwards  in  a (harp  point  about  four  or  five  feet 
above  the  higheft  part  of  the  building : it  is 
Convenient  that  this  point  be  gilt,  to  preferve 
it  from  ruffing.  The  lower  end  of  the  rod 
fhould,  if  poflible,  be  continued  to  fome  well  or 
running  water,  or  otherwife  it  fhould  be  funk 
feveral  feet  into  the  ground,  at  the  diftance  of 
fome  yards  from  the  building.  It  is  of  no 
confequence  how  many  bendings  are  made  in 
the  rod,  but  it  is  much  better  to  faften  it  to 
the  outfide  than  the  infide  of  the  building : 
for  thefe  condu&ors  are  known  to  emit  fparks 
during  thunder-ftorms,  notwithftanding  their 
infertion  in  the  earth,  from  which  fatal  con- 
fequences  may  be  apprehended  when  the 
ele&ric  force  is  very  great. 

It  is  clear,  from  many  inftances,  that  the 
lights  which  are  feen  at  the  maft-heads  of  fhips, 
and  on  the  vanes  of  fome  churches  during 
thunder,  owe  their  origin  to  the  eleiftric 
matter  palling  by  means  of  uniniulated  points. 

The  polarity  of  the  compafs-needles  has 

been  known,  in  feveral  inftances,  to  be  uc- 
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flroyed,  or  reverfed  by  lightning.  An  effedt 
which,  as  has  been  obferved,  may  be  produced 
in  parvo  by  the  eledtric  (hock  from  glafs. 

If  the  eledtrician  be  defirous  of  making  ex- 
periments upon  the  eledlricity  of  the  atmof- 
phere  to  greater  exadtnefs,  he  mud  raife  a kite, 
by  means  of  a firing  in  which  a fmall  wire  is 
twilled.  The  lower  extremity  of  this  line 
mull  be  filk,  and  the  wire  mufl  terminate  in 
fome  metallic  condudtor  of  fuch  a form  as  (hall 
be  thought  mod  convenient.  But  it  is  danger- 
ous to  raife  it  upon  the  approach  of  a thunder— 
florm;  and  upon  this  occafion  the  common 
apparatus  for  drawing  eledlricity  from  the 
clouds  will  probably  anfwer  every  intended 
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CHAP.  Vii. 

Of  Lightning , and  other  Meteors. 

O know  that  lightning  and  the  ele&ric 


matter  are  the  fame,  is  a very  capital  ad- 
vance in  natural  philofophy,  but  we  mull  ftill 
remain  ignorant  of  the  caufes  of  many  of  the 
appearances  which  accompany  lightning,  fo 
long  as  our  acquaintance  with  the  properties  of 
electricity  is  fo  very  imperfect.  We  know  that 
the  clouds  are  almoft  always  electrified,  fome- 
times  pofitively,  and  fometimes  negatively* 
but  whence,  or  by  what  means  they  acquire 
that  ftate  ; whether  by  the  heating  or  cool- 
ing of  the  air,  upon  the  Tourmalin  principle, 
whatever  that  may  be,  or  whether  the  clouds 
be  only  the  conductors  by  which  the  elec- 
tric matter  is  conveyed  through  the  air,  from 
places  in  the  earth  where  it  is  redundant  to 
other  places  where  there  is  a deficiency,  cannot 
eafily  be  determined.  The  firft  is  the  conjec- 
ture of  the  well  known  Mr.  Canton,  and  the 
latter  is  the  chief  propofition  in  the  theory  of 
that  great  philofopher  Sig.  Beccaria  of  Turin. 
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It  is  probable  that  both  circumftances  may 
conduce  to  the  effedt ; the  heating  or  cool- 
ing of  the  air  may  produce,  or  rather  col- 
led!:, that  eledtricity  which  is  fo  great  an  agent 
in  atmofpherical  events,  and  its  difchargc 
may  be  effedted  in  the  manner  in  which  Sig- 
nior  Beccaria  has,  with  great  probability,  fup- 
pofed  it  to  be  accomplished. 

A thunder-ftorm  ufually  happens  in  calm 
weather.  A dark  cloud  is  obferved  to  attradt 
others  to  it,  by  which  it  continually  increafes 
in  magnitude  and  apparent  denfity.  When  the 
cloud  is  thus  grown  to  a great  lize,  its  lower  fur- 
face  fwells  in  particular  parts  towards  the  earth, 
fometimes  by  light  flimfy  clouds,  and  fome- 
times  by  an  inferior  protuberance.  During 
the  time  that  the  cloud  is  thus  forming,  flashes 
of  lightning  are  feen  to  dart  from  one  part 
of  it  to  the  other,  and  often  to  illuminate  the 
whole  mafs ; and  fmall  clouds  are  obferved 
moving  rapidly,  and  in  very  uncertain  di- 
redtions  beneath  it.  When  the  cloud  has 
acquired  a fufficient  extent,  the  lightning 
Strikes  the  earth  in  two  oppolite  places ; the 
path  of  the  lightning  lying  through  the  whole 
body  of  the  cloud  and  its  branches. 
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That  thunder-clouds  do  nothing  more  than 
condudt  the  eledtric  matter  from  one  place  to 
another,  is  not  only  probable,  on  account  of  its 
driking  in  two  places,  but  likewife  from  the 
confideration,  that  the  emiflion  of  the  flafh 
would  dedroy  the  eledtric  date  of  the  clouds,  if 
it  were  not  immediately  recruited  from  fome 
other  part.  But  the  eledtric  date  is  not  dedroy- 
ed  after  a flada,  if  we  may  judge  either  from  the 
eledtric  apparatus,  or  from  the  cloud  itfelf;  for 
the  firit  appears  to  be  not  lefs  eledtrified,  and  the 
latter  is  the  next  moment  ready  to  make  as 
great  a difeharge  as  before.  Befides,  If  the  two 
dailies  of  lightning,  which  drike  at  different 
places,  nearly  at  the  fame  time,  were  flmpleT 
limilar  and  independent  difeharges  of  the 
cloud,  why  fhould  they  refemble  each  other  ? 
and  yet  they  do  very  much,  as  appears  by 
obferving  a thunder-dorm  at  a didance.  Then 
it  is  feen,  that  if  one  part  of  the  cloud  give  a 
iingle  flaih,  the  other  extremity  will  give,  or 
rather  receive,  a dngle  flaih  a ihort  time  or 
the  indant  after ; but  if  it  give  two,  three,  or 
four  quick  fucceflive  flaihes,  the  other  extre- 
mity will  receive  a like  number  a little,  but 

very  perceptible  time  after.  The  angular  dis- 
tance 
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tance  between  the  places  of  thefe  correfpon- 
dent  flafhes  is  frequently  four  or  five  points 
of  the  compafs. 

It  is  remarkable,  that  mofi;  detached  clouds, 
whofe  angular  heights  are  but  lmall,  and 
which  confequently  may  be  viewed  in  pro- 
file, are  varioufiy  arched  at  their  upper  fur- 
face,  while  their  under  furface  is  horizontal. 
This  appearance  is  particularly  obfervable  in 
thunder-clouds,  and  alfo  takes  place  in  the 
fmoke  of  refin,  or  fleam  of  water,  electrified 
by  the  common  machine. 

Whatever  may  be  the  caufe  that  difturbs 
the  equilibrium  of  the  eleCtric  matter  in  the 
atmofphere,  it  may  eafily  be  conceived,  that 
when  fuch  difturbance  happens  in  the  upper, 
and  highly  rarefied  regions  of  the  air,  the 
equilibrium  will  be  reftored  by  dartings  and 
eleCtric  corufcations  through  the  vacuum,  fimi- 
lar  to  thofe  exhibited  in  the  vacuum  of  the 
air-pump.  This  confideration  accounts  for 
the  aurora  borealis,  which  has  commonly  a 
motion  of  darting  or  undulating  between  two 
oppofite  parts  of  the  heavens. 

In  clear  and  calm  weather,  when  the  elec- 
tricity is  not  very  ftrong,  it  may  pafs  through 
F f 3 the 
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the  air  without  bringing  any  great  quantity 
of  vapours  into  its  courfe,  and,  according 
to  the  conductors  it  meets  in  the  air,  it 
will  fometimes  be  rendered  vifible  for  fmall 
parts  of  its  paffage,  and  occafion  thofe  appear- 
ances which  we  call  fhooting-ftars,  It  is 
obfervable,  that  fhooting-ftars  are  ufually 
very  low  in  the  air,  and  that  in  general 
they  all  direCt  their  courfe  the  fame  way. 

The  ignis  fatuus,  or  Will- with- the- wifp, 
is  a luminous  meteor  that  feldom  appears  more 
than  fix  feet  above  the  ground.  It  is  found 
chiefly  about  bogs,  and  is  always  in  motion, 
varying  both  its  figure  and  fituation  in  a very 
uncertain  manner.  In  the  plains  in  the 
territory  of  Bologna,  they  are  frequently  very 
large,  and  give  a light  equal  to  a torch  ; and 
there  are  fome  places  where  one  may  be 
almoft  fure  of  feeing  them  every  dark  night. 
The  mod:  probable  conjecture  concerning  thefe 
meteors  is,  that  they  confift  of  inflammable  air 
which  has  been  kindled  by  electricity. 

Speaking  of  water-fpouts,  we  obferved 
that  the  convergence  of  winds  and  their 
confequent  whirling  motion,  was  a principal 
caufe  in  producing  that  effeCt ; but  there  are 

appear- 
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appearances  which  can  hardly  be  folved  by  Tup- 
poling  that  to  be  the  only  caufe.  They  often 
vanilh,  and  prefently  appear  again  in  the  fame 
place  : whitilh  or  yellowilh  flames  have  fome- 
times  been  feen  moving  with  prodigious 
fwiftnefs  about  them,  and  whirlwinds  are  ob- 
ferved  to  eledrify  the  apparatus  very  flxongly. 
The  time  of  their  appearance  is  generally  thofe 
months  which  are  peculiarly  fubjedt  to  thun- 
der-ftorms,  and  they  are  commonly  preceded, 
accompanied  or  followed  by  lightning,  the 
previous  ftate  of  the  air  being  limilar.  And 
the  long  eftablilhed  cuftom,  which  the  failors 
have,  of  presenting  lharp  fwords  to  difperfe 
them,  is  no  inconliderable  circumstance  in 
favor  of  the  fuppofition  of  their  being  eledtri- 
cal  phenomena.  Perhaps  the  afeending  mo- 
tion of  the  air,  by  which  the  whirling  is  pro- 
duced, may  be  the  current  which  is  known 
to  iflfue  from  electrified  points,  as  the  form  of 
the  protuberance  in  the  fea  is  fomewhat 
pointed ; and  the  eledtrified  drop  of  water, 
heretofore  mentioned,  may  afford  confiderable 
light  in  explaining  this  appearance. 

It  is  extremely  probable  that  earthquakes 
owe  their  original  to  the  difeharge  between 
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a cloud  and  the  earth,  in  a highly  ele&ric 
flate.  They  happen  mod  frequently  in  dry 
and  hot  countries,  which  are  mod  fubjed  to 
lightning  and  other  eledrical  phenomena ; and 
are  even  foretold  by  the  eledric  corufcations 
and  other  appearances  in  the  air,  for  fome  days 
preceding  the  event.  Earthquakes  are  attended 
by  no  fire,  vapor,  or  fmell,  which  however 
could  hardly  fail  to  appear,  if  the  common 
opinion,  of  their  being  occadoned  by  a fub-? 
terraneous  explofion,  were  true.  The  eded  of 
an  explofion  of  this  nature  would  be  a gradual 
lifting  of  the  earth,  after  which  it  would  fall 
again,  and,  no  doubt,  dedroy  or  change  the 
courfe  of  fprings,  and  confiderahly  alter  the 
face  of  the  country  : the  contrary  to  all  which 
is  true  j for,  as  far  as  obfervation  can  deter- 
mine, the  fhock  of  an  earthquake  is  indan- 
taneous  to  the  greated  didances,  and  feldom 
does  more  mifehief  than  overthrowing  hold- 
ings, Earthquakes  are  ufually  accompanied 
by  rain,  and  fometimes  by  the  mod  dreadful 
thunder-dorms.  All  thefe  and'many  more 
circumdances,  but  efpecially  the  almod  in- 
dantaneous  motion  of  the  (hock,  induce  us  to 
look  for  their  caufe  iq  eledricity,  the  only 
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power  in  nature  that  acknowledges  no  fen- 
fible  tranfition  of  time  in  its  operations. 

Dr.  Prieftley,  in  his  Hiftory  of  Electricity, 
has  given  an  abridgment  of  Dr.  Stukely’s  ob- 
fervations  and  inferences  on  this  fubjeCt,  and 
has  himfelf  ihewn  by  experiment,  that  the 
ele&ric  fhock  caufes  a vibration  fimilar  to 
that  of  an  earthquake,  when  it  palfes  at  or 
near  the  furfaces  of  bodies. 

We  here  conclude  with  obferving,  that 
the  knowledge  we  have  of  the  properties 
of  eleCtricity  has  been  acquired,  for  the 
greater  part,  within  the  laft  half-century  ; 
and  that  if  difcoveries  proceed  as  rapidly  as 
they  have  began,  we  may  hope  that  a iimi- 
lar  period  will  afford  a more  perfeCt  acquaint- 
ance with  the  caufes  not  only  of  atmofpherical 
events,  but  of  magnetifm,  of  vegetation,  of 
mufcular  motion,  and  other  appearances,  in 
which,  it  is  more  than  probable,  this  great  and 
gCUve  power  has  a fhare. 
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A 

Absorbent  earth! , 175. 

Accenfm , of  oils  by  the  nitrous  acid,  204 — 206,  of  ful- 
phur  and  iron  filings,  269,  270. 

Acetous  acid , 2 1 0. 

Achard , Mr.  of  Bale,  346.  x 

vfa'a'  of  fugar , 215. 

166,  167.  enumeration  of,  186. 

Affinity , or  elective  attraction,  126.  table  of,  314. 

^f/r,  the,  its  fpecific  gravity,  29.  44.  general  properties, 
40 — 62.  elafticity,  42.  preflure,  45.  refraCtive  power, 
57.  rarefaCtion  and  condenfation,  59 — 61.  properties 
explained  by  means  of  the  air-pump,  114 — 121.  does 
not  conduit  electricity,  386.  charged  with  eleCtricity, 

4X5>  4l6* 

Air,  acetous  acid , 363. 

Air , alkaline , 364,  365. 

Air , atniofpherical , 334 — 340.  effervefees  with  nitrous 
air  more  or  lefs  according  to  its  purity,  354 — 358. 

Air , dephlogifl icated,  340 — 343. 

Air , fixed,  176.  336.  343—351. 

Air,fluor  acid , 363,  364. 

A'tr,  inflammable , 351 — 354. 

Air,  marine  acid,  361,  362. 

Air,  nitrous , 354 359. 

Air-pump , no — 1 12.  its  vacuum  imperfeit,  112.  pro- 
perties of  the  air  explained  by  its  means,  114 121. 

Airt 


index. 


Air , vitriolic  acid , 360. 

Alchemijls , 284. 

Alembic,  or  ftill,  149,  150. 

Alkalis , 168 — 169.  221.  fixed,  222.  343.  vegetable* 
223.  mineral,  224.  volatile,  226—231.  364. 

Alum , 180. 

Amalgama,  273.  made  ufe  of  in  ele&rifying,  379. 
Amazon , river,  338. 

Amber , 29. 

Ammoniac,  fal,  221.  See  fal ammoniac, 

Antimonyy  283 — 288. 

Antimony , glafs  of,  its  fpecific  gravity,  29. 

Apparatus  for  making  experiments  with  air,  332.  for 

impregnating  water  with  fixed  air,  347 350. 

Aqua  regia , 249. 

Ardent  fpirity  its  fpecific  gravity,  29.  properties,  232. 
relation  to  ether  and  oil,  236 — 238.  fired  by  ele&rU 
city,  412. 

Areometer y 25. 

Argillaceous  earthy  179 — 1 8 1 . 

Armour  of  the  loadjloney  322. 

Arfenicy  291.  its  fingular  properties,  293.  antidotes 
againft  its  poifonous  effe&s,  294,  295. 

Atmofpherey  41.  its  extent,  44.  height,  49 — 56. 
Attraction,  of  cohefion,  126 — 129.  magnetic,  323, 
ele&rical,  369  & feq. 

Aurora  borealis , 327.  388.  415.  437. 

Aurum  fulminansy  254. 

Azure y 291. 

B 

Balfam  of  fulphury  239. 

Barillay  224. 

Barometer , 88.  Marine,  89. 

Batteryy  ele&ric,  410.  412, 

Bay  fait,  313, 

Beccaria , 


INDEX. 


Beccaria , Signior,  434,  435. 

Beer,  347. 

Bezoar,  mineral,  287. 

Bifmutb,  its  fpecific  gravity,  29.  properties,  288—289. 
291. 

Bitumen,  234. 

Bohemian  grenate , its  fpecific  gravity,  29. 

Borax , acid  of,  208 210. 

Brafs,  its  fpecific  gravity,  29.  compofition  of,  29a. 

Butter  of  antimony , 287. 

C 

Calcareous  earth,  175.  mild,  176.  produces  fixed  air,  343. 

Calces,  metallic , 279 281.  286.  337. 

Camphor,  diflolved  by  vitriolic  acid  air,  361. 

Canton,  Mr.  434. 

Cape  of  Good  Hope , variation  of  the  compafs  at,  326. 
Cementation,  264. 

Cerufe,  or  white  lead,  275. 

Champagne,  347. 

Charcoal,  abforbs  air,  337. 

Charging  of  eleftric  bodies , 40 1—  407. 

Chemiflry , definition  of,  124. 

Choke  damp , 347. 

Cinnabar,  factitious,  its  fpecific  gravity,  29.  how  pro- 
duced, 282. 

Cinnabar,  natural , its  fpecific  gravity  29.  defcribed, 

276. 

Cinnabar  of  antimony , 287. 

Clay.  See  Argillaceous  earth. 

Clouds,  ele&ricity  of,  434 — 437. 

Coal,  239,  240. 

Cobalt,  290 292. 

Colcothar , 189. 

Combination , table  of  denfe  fubftances  produced  by  it, 

171. 

Combuflion, 


INDEX. 


CombuftUn , or  burning,  136,  137. 

Common  fait)  312,  313. 

Compafs , points  of,  63.  See  Mariner's  Compafs , 
Concentration , 151. 

Concord , 85. 

Conductors  of  electricity,  370 372.  See  Electricity, 

Congelation  of  mercury,  277. 

Convulfions,  caufed  by  the  eledtric  fhock,  407. 

Copper,  its  fpecific  gravity,  29.  properties,  260—262, 
Corrofive  fublimate,  281. 

Cream  of  tartar , analyfed,  213,  2 14. 

Crucible , 138. 

Cryjlal glafs,  fpecific  gravity  of,  29. 

Cryfial , ifland , fpecific  gravity  of,  29.  its  peculiar 
quality,  176. 

Cryjlal,  rock,  fpecific  gravity  of,  29.  procured  by  art* 
346. 

Cryjlalline  earth,  1 7 3,  1 74. 

Cryflallization  of  falts , 299, 

Cucurbit , 149. 

Cupel,  139.  245.  , 

Cyder,  347. 

D 

Dalibard,  Monf.  his  ele&rical  apparatus,  427.  * 

Damps , noxious,  339. 

Decompojition,  125. 

Depblogiflicatcd  air . See  Air  dephlogiflicated. 

Derby  fire  fpar,  363. 

Detonation  of  nitre , 308 — 312.  342. 

Diamond,  its  fpecific  gravity,  29. 

Diatonic fcale,  86. 

Diminution,  of  atmofpherical  air  by  combination  with  ni- 
trous air,  354. 

Dippi ng -nee die,  3 1 9 . 

DiJ'cord , 85. 

Dijl  illation,  141. 

Diving-bell,  1 09.  339. 


E Earth , 
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E 

Earth , the  chemical  principle,  165,  166.  cryftalline  and 
abforbent,  172.  calcareous,  argillaceous,  and  gyp- 
feous,  173 185. 

Earth , planet , its  magnetifm,  325— 328, 

Earthquakes , 439.  441. 

Eau  de  luce , 231. 

EcZiff,  79. 

Effervefcence , 1 7 7. 

Ejflorefcence , 1 88.  3OO. 

Elective  attraction.  See  Affinity. 

EleCiric  battery,  410.  412. 

Electric  bodies,  or  non-conduCtors,  369—372.  electrized 
by  communication,  399 — 407. 

Electric  jars,  408. 

Electrical  machine , 374.  390 — 395. 

Electricity,  probably  occasions  precipitations  in  the  atmo- 
fphere,  334.  defined,  368.  procured  by  means  of  a 
tube  of  glafs,  369.  paifes  through  fome  bodies,  and 

not  others,  369 372.  is  real  matter,  and  not  a mere 

property,  372,  373.  procured  by  an  apparatus  called 

an  eleCtrical  machine,  374.  390 395.  is  of  two  kinds, 

fuppofed  to  be  pofitive  and  negative,  375— -379.  emit- 
ted or  imbibed  with  great  facility  by  pointed  conduc- 
tors, 377.380 385.  417,  418.  attraction  and  re- 

pulfion,  380.  refembles  lightning,  387.  forces  con- 
ducting bodies  into  its  path,  388.  produced  without 
excitation  or  communication,  396,  397.  phenomena 
with  eledtric  bodies  or  non-conduCtors,  399 — 407.  is 
attracted  by  all  bodies,  403.  fuppofed  perpetual,  405, 
406.  fhock  from,  406,  407.  prodigious  velocity  of, 
411.  its  lateral  force,  413.  in  vacuo,  414,  415. 
caufe  of  the  different  magnitudes,  and  lengths  of  the 
fpark,  417,  418.  methods  of  eftimating  its  intenfity, 

&c.  418 420.  obtained  by  heating  and  cooling  ful- 

phur,  the  tourmalin,  and  other  gems ; and  from  filk 


or 
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or  beaver,  421—423.  from  the  torpedo,  and  other 

fifli,  425,  426.  is  the  fame  as  lightning,  426 433. 

its  various  effedls  in  the  phenomena  of  lightning,  the 
aurora  borealis,  fhooting-ftars,  ignis  - fatuus,  water- 
fpouts,  whirlwinds,  and  earthquakes,  434 44!. 

Electrometer , 394.  418 420. 

EleCt rophor us y 406. 

ElemcntSy  or  firft  principles  of  bodies,  152 — 154.  can- 
not be  certainly  obtained  by  analyfis,  and  ftill  lefs 
by  combination,  153.  enumeration  of  the  fimpleft 
principles,  154.  controverfies  relating  to  them  have 
tended  little  to  the  advancement  of  fcience,  155.  very 
fimple  principles  may  perhaps  be  obtained  from  pure 
air,  341. 

Ether y its  fpecific  gravity,  29.  marine,  208.  produc- 
tion of,  233.  its  relation  to  fpirit  and  oil,-  237,  238. 
fired  by  electricity,  412. 

Etherial  fpirit  of  wine.  See  Ether . 

Ethiops  miner at , 281. 

Excitation  of  ekClricityy  375.  See  Electricity . 


F 

^ * 

Fermentation , 1 47.  344.  fpirituous,  acetous,  and  putre- 
factive, 148.  acetous,  210. 

Fire-enginey  94. 

Fixed  airy  176.  See  Airy  fixed. 

Fixed  bodies , 128* 

Floating  bodiesy  24 — 28. 

Flowersy  141.  of  antimony,  286.  of  zinc,  289. 

Fluidy  definition  of,  2.  properties  of,  6 — 12.  motions, 
12 — 1 7.  prellures,  18 — 29.  refinances,  30 — 39, 

Fluidity , its  caufc,  2 5. 

Fluor  acid  air . Sec  Air,fluor  acid. 

Fluor Sy  363. 

Flux,  black,  291. 

Fountains , 16,  17.  97. 


Franklin , 
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franklin , Dr.  426,  427. 

Freezing  mixture , 278. 

Furnace , air  melting,  138.  reverberatory,  139. 
Fufible  fait , 216.  226. 


G 

Glafs,  225.  of  lead,  275. 

G/cyi  of  antimony , its  fpecific  gravity,  29.  how  pro- 
duced, 284. 

Go/i,  its  fpecific  gravity,  29.  properties,  244 — 255. 

Gravities , fpecifc , 18 — 29. 

Gm?«  glafs , fpecific  gravity  of,  29. 

Grotto  del  cano , 347* 

Gunpowder , fired  in  vacuo,  121.  its  compofition,  310 — 
312.  fired  in  inflammable  air,  353.  fired  by  electri- 
city, 412. 

Gypfum,  or  plaifter-earth,  181 — 185. 

H 

Halley  s hypothefis  of  the  variation , 327. 

Harmony , 85. 

definitions  of,  130,  131.  enquiry  concerning  its 
caufe  or  eflence,  132 — 135.  erroneous  method  of 
eflimating  its  quantity,  132.  its  communication,  135. 
produces  light,  and  in  fome  bodies  combuftion,  135, 
136.  methods  of  producing  it,  136. 

Hematites , its  fpecific  gravity,  29. 

Hudfon's  Bay , mercury  frozen  there,  278. 

Human  blood.,  its  fpecific  gravity,  29. 

Hydrometer , 25. 

Hydroflatical  paradox , 1 0 — 12, 

Hydrojlatics,  2.  5. 

Hypothefes,  their  true  ufe,  155. 
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Jars,  ele&riCj  408. 

Jafper,  its  fpecific  gravity,  29. 

Jgnis  fatuus , 352.  438. 

Lnpregnation , of  water  with  fixed  air,  347—3^0. 
Inflammable  air . See  y&'r,  Inflammable. 

Inflammable  bodies , enumerated,  232. 

/«/£,  269. 

Infulation , of  non-eledtric  bodies,  370. 

Integrant  part*  of  bodies , 125. 

Intermitting  fprings,  92. 

/raw,  its  fpecific  gravity,  29.  properties,  263 — 27?. 
magnetifm,  315—330. 

K 

ele&rical,  427,  428.  433. 

Kupfer  Nickel,  295. 

L 

» 

Lapis  calaminaris , its  fpecific  gravity,  29.  defcribed, 
290. 

Lapis  Jpecularis , 182. 

ZW,  its  fpecific  gravity,  29.  properties,  274,  275. 
Lightning , is  relembled  by  eleftricity,  387.  is  ele&ricity, 
426—433.  method  of  fecuring  buildings  from  its 

effects,  429.  432. 

Lime  water , 177. 

Litharge , 275. 

Liver  a/-  antimony , 284. 

Liver  of  fulpbur,  195—197*  difiolves  gold,  251. 
Loadflone , 263.  270.  322. 

Longitude , 229. 

Looking-glajjes,  method  of  filvering,  274. 

o M yWh- 
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M 

Magijlery  of  bifmuth , or  Spanifh  white,  289. 

Magma , 299. 

Magnefia , 179.  343. 

Magnet , 27 O. 

Magnetifm , 270.  315 — 330. 

Marble , its  fpecific  gravity,  29. 

Marcafite , or  bifmuth,  288. 

Marine  acid  air.  See  yftr,  marine  acid. 

Marine  or  muriatic  acid,  206 — 208.  362. 

Mariner's  compafs , 63.  316.  variation  of,  326 — 330. 
Marly  la  ville,  eledtric  apparatus  at,  427. 

Mafficot , 275. 

Matrix , of  ores,  242. 

Mechanical  divifion , 125* 

Medium , chemical,  143. 

Melody , 85. 

Menjlruum , 143. 

Mercury , the  metal , its  fpecific  gravity,  29.  properties, 
276 — 282. 

Metallic  calces.  See  CW/c^,  metallic. 

Metallic  properties , 244.  ' 

Metallurgy , 241. 

Metals , 241.  mineralized,  243.  enumeration  of,  24^ 
242.  339.  351. 

Mineralization , 242. 

Minium , 275. 

Monfoons,  66. 

Mufic , 80 — 87. 

N 

Nickel,  295. 

Nitre,  its  fpecific  gravity,  29.  purification  of,  301. 
how  produced,  405 — 307.  detonation,  308 — 312. 
342* 

G g 2 


Nitrous 
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Nitrous  acid,  how  obtained,  198 — 200.  its  properties, 
200 — 202.  inflames  oils,  204 — 206.  vapor  of,  366. 
Nitrous  air.  See  Air,  nitrous. 

Nolet , the  Abbe,  41 1. 

Non-conductors,  of  electricity.  See  Electric  Bodies. 
Non-eleCtric  bodies.  See  Conductors  of  Electricity. 

Nucleus , or  internal  globe,  fuppofed  to  exift  in  the  earth, 
327. 

O 

Oils,' inflammation  of,  by  the  nitrous  acid,  204 — 206. 
definition,  and  properties,  234 — 239.  relation  to  fpi- 
rit  and  ether,  236. 

Oil  of  vitriol,  189.  See  Vitriolic  acid. 

Ore,  242. 

Orpiment,  294. 

P 

Parting,  245. 

Pewter,  273. 

Phenomena,  chemical,  often  fallacious,  253. 

Phlogijlon,  160.  defined,  161.  its  properties,  16 1 — 
165.  objection  to  the  doCtrine,  278 — 280.  diminifhes 
common  air,  335. 

Phofphoric  acid,  216. 

Phofphorus,  121.  218 — 220. 

P latino,  245.  256—259. 

Polarity,  given  by  elearicity,  413.  deflroyed  or  reverfcd 
by  lightning,  432. 

Poles,  magnetic,  of  the  earth,  326. 

Pompholix,  or  philofophical  wool,  289. 

Pottery,  180.  275* 

Precipitate,  red,  279. 

Precipitate  per  fe,  or  without  addition,  2y  8. 

Precipitation , 146.  253*  254*  267,  268. 

Priejlley , Dr.  334.  342.  356,  357. 


Principles , 
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I 

Principles , or  conftituent  parts  of  bodies,  125. 

Prufiian  blue , 265 — 267. 

Pfeiido-topazius,  fpecific  gravity  of,  29. 

Purity , of  common  air,  eftimated  by  the  application  o 

nitrous  air,  356 — 358. 

Pyrites , 187.  accenfion  of,  188. 

Pyrmont  water , 349. 

a 

Quartz,  243,  244. 

Quicklime , 176* 

Quick/} her.  See  Mercury. 

R 

Radical  vinegar,  21 1. 

Rain,  its  probable  caufe,  334. 

Reagal,  or  rifigal,  294. 

Receiver,  140. 

Rectification , 15 1. 

Red  lead,  275.  , , - 

Regulas,  of  antimony,  284,  of  cobalt,  291,  292.  of 

arfenic,  293. 

Repulfion,  magnetical,  323.  ele&rical,  380.  perma- 
nent or  natural,  41 1. 

Refin,  236.  remarkable  appearance  of  its  fmoke  when 
electrified,  437. 

Refi/lance,  and  retardation  of  bodies  moving  in  fluids, 

30—39. 

Retort , 1 40. 

Reverberatory  furnace , 1 39. 

Roc*  fait,  312. 
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Sal  ammoniac , 221.  227. 

Sal  getmna,  312. 

232.  296.  purification  of,  298,  299-302.  tables 

of>  3°3- 

Stf/t  petre.  See  nitre. 

Sapidity  or  tajle , 298. 

Saturation , 143.  145. 

mftrument  for  meafuring  its  depth,  106 108. 

Sealing-wax , remarkably  extended  in  length  by  ele%icitv 
388,  389. 

Sedative  fait,  208—210. 

Selenites , fpecific  gravity  of,  29.  factitious,  185.  whv 
taflelefs,  298. 

Semimetals , 244.  283. 

Senfes,  1. 

Serpent , immenfe,  its  noxious  breath,  338. 

Shock)  elediric , 406,  407.  prodigious  velocity  of,  411. 

various  effects  of,  412 — 414. 

Shooting-ftarS)  438. 

Siberia)  intenfe  cold  at,  277. 

Siliceous  earth.  See  Cryjlalline  earth. 

Silk  flocking S)  electricity  of,  422. 

Silver)  its  fpecific  gravity,  29.  properties,  255,  256, 
Silvering  of  looking- glaJJeS)  274. 

Smalt,  291. 

Soap)  225. 

Soda,  224. 

Solution , 142.  251,  252. 

Sound,  76 — 87.  velocity  of,  78^ 

Spanifh  white , 289. 

Speaking-trumpet,  80. 

Specific  gravities,  18 — 29. 

Spirit  of  fait.  See  Marine  acid. . 

Spirit  of  wine.  See  Ardent  fpirit. 

Spirit  of  Venus,  or  radical  vinegar,  2 II. 

Spirit  of  vitriol,  189. 

Springs , intermitting,  92. 

Staladlites , 
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Stalactites,  176. 

Steam-engines , 97 — 105. 

Steel,  its  fpecific  gravity,  29.  produced  from  iron,  264. 
Still,  or  alembic,  149,  150. 

Streamers.  See  Aurora  borealis. 

Stukely,  Dr.  441. 

Sublimate,  corrojive , 281. 

Sublimation,  141. 

Sugar , acid  of,  2T5, 

Sulphur,  its  fpecific  gravity,  29.  artificial  production  of, 
163.192 — 198.  liver  of,  194 — 197.  peculiar  pro- 
perty of,  217.  folublein  oils,  239.  produced  from  tin, 
272.  becomes  electric  by  heating  and  cooling,  421. 
Surinam,  electric  fifh  from,  425. 

Sweet  oil  of  vitriol,  233. 

Syphon , 92, 

T 

Table,  of  fpecific  gravities,  29.  of  denfe  fubftances  pro- 
duced by  combination,  171.  of  falts,  303.  of  affi- 
nities, 314. 

Tartar , 212.  cream  of,  ibid. 

Tajle , the  fenfe  of,  its  caufe,  298. 

Thermometer , 91.  is  inefficient  to  denote  the  quantity 
of  heat,  132. 

Thunder-Jlorm,  435. 

Tin,  its  fpecific  gravity,  29.  properties,  271 — 274. 
Tin-glafs , or  bifmuth,  288. 

Tinning  of  copper,  273. 

Topaz,  electricity  of,  423. 

Torpedo,  electricity  of,  425. 

Torricellian  experiment,  45. 

Tourmalin,  electricity  of,  422,  423.  434, 

Tube,  eleCtric,  369.  See  Electricity. 

Turbith  or  turpeth  mineral , its  fpecific  gravity,  29,  pro- 
duction, 281. 

Twilight,  53 56, 


y Vacuum, 
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V 

Vacuum , perfect,  does  not  conduct  eledricity,  387. 
Variation  of  the  compafs , 32,6 — 330. 

Vegetable  fixed  alkali , 223. 

Vegetation , meliorates  air,  340. 

Venus , fpirit  of,  21 1. 

Verdigrife , 21 1.  diftilled,  ibid. 

Vinegar , 210.  radical,  21 1. 

Vinous  acid)  212. 

Vipers , fpecific  for  their  bite,  231. 

Verifiable  earth.  See  Cryjlalline  earth. 

Vitriol , obtained  from  pyrites,  188 — 189.  white,  290. 
Vitriol , f\yeet  oil  of,  233. 

Vitriolic  acid,  is  contained  in  all  clays,  180.  methods  of 
obtaining  it,  187 — 192.  360.  faturated  with  nitrous 
vapor,  366. 

Vitriolic  acid  air.  See  Air,  vitriolic  acid. 

Volatile  alkali , 226 — 231.  364. 

Volatile  bodies,  128, 

W 

iVater , its  fpecific  gravity,  29.  properties,  156 — 16c. 
diffolved  by  air,  and  precipitated  in  rain,  334.  re- 
.markable  appearance  of  its  (team  when  electrified,  437, 
Waters , mineral , 345.  347.  faditious,  347— 350. 

Water-Jpouts , 75 76.  438,  439. 

Wat  [on.  Dr.  41 1. 

its  fpecific  gravity,  29. 

Whales , noxious  breath  of,  338, 

Whirlwinds , 74 — 76. 

White  lead , 275.  See  Cerufe. 

Will-with-the-wifp.  See  /g-zm /a/«w, 

Wind-gun,  95,  96. 

#Wr,  their  caufe,  62.  68 76.  diftindions,  64. 

Wine,  fpirit  of,  its  fpecific  gravity,  29.  See  Ardent  fpirit, 
Wire , jnelted  by  the  eledric  fliock,  412. 

Z 

Za/iv,  291. 

Zz»r,  289.  290, 
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